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Preface 

This  thesis  is  the  result  of  my  study  of  high  gain  directive  array 
antennas  and  my  prior  experience  as  a  Satellite  Operations  Controller  with 
the  Air  Force  Satellite  Control  Facility.  The  phased  array  seemed  to  be  the 
answer  to  the  mechanical  difficulties  inherent  to  large  highly  directive  para¬ 
bolic  antennas.  However,  a  planar  array  cannot  be  scanned  to  the  limits 
required  unless  some  means  of  changing  its  position  is  provided.  This  does 
not  eliminate  the  mechanical  difficulties,  only  alters  them.  Therefore,  l 
turned  my  attention  to  a  notV'pianar  array  with  as  much  symmetry  as  possible 
to  reduce  the  complexity  of  .{■he  solution.  With  the  help  and  guidance  of  Dr. 
Russell  W.  Taylor,  to  whom  1  am  greatly  indebted  for  his  encouragement  and 
understanding,  I  proceeded  to  formulate  the  solution  of  the  far  field  pattern  of 
on  array  with  circular  horizontal  and  elliptical  vertical  cross  sections  in  a 
format  suitable  for  solution  by  a  high  speed  digital  computer.  The  results 
of  this  study  are  presented  in  this  paper.  I  would  also  like  to  thank  Major 
John  Pierce  cf  the  Air  Force  Institute  of  Technology  Computer  Center  for 
his  assistance  in  eliminating  the  many  errors  encountered  in  programming 
the  solution  and  his  patience  during  the  many  programs  submitted  for  execu¬ 
tion.  I  would  also  like  to  thank  Mrs.  Gloria  McNally  for  her  invaluable  as¬ 
sistance  in  preparing  this  paper  for  submission. 
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Abstract 

The  possibility  of replacing. large  highly  directive  parabolic  antennas 
for  satellite  tracking  with  a  phased  array  is  investigated.  It  is  shown  that  a 
rion-planar  array  with  g  circular  horizontal  cross  section  and  an  elliptical 
vertical  cross' section  has  a  far  field  radiation. pattern  suitable  for  satellite 
tracking.  The  problem  is  formul'ctedfor  solution  by  a  high  speed  digital 
computer  and  an  analysis  of  the  performance  of  the  optimal  array  design  is 
presented. 
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A  PHASED  ARRAY  ANTENNA  WITH 
HEMISPHERIC  SCANFOR  SATELLITE  TRACKING 

1.  Introduction 

Background 

The  Air  Force  Satellite  Control  Facility,  (SCF),  is  charged  with  the 
responsibility  of  tracking,  commanding,  and  gathering  telemetry  data  from 
Department  of  Defense  satellites.  To  accomplish  this  task  the  SCF  is  present¬ 
ly  using  a  parabolic  antenna  with  a  diameter  of  sixty  feet.  A  serious  problem 
arises  when  tracking  a  low  orbit  (approximately  100  nautical  miles)  satellite 
during  a  near  overhead  pass.  This  problem  is  the  extreme  difficulty  of  rotating 
the  large  mass  of  the  antenna  as  much  as  180°  in  a  matter  of  seconds  without 
excessive  lag  or  overshoot.  This  problem  could  be  overcome  by  utilizing  a 
fixed  antenna  with  a  steerable  beam,  i.ei,  a  phased  array.  However,  this  solu¬ 
tion  poses  another,  equally  serious,  problem  in  that  phased  array  technology  at 
the  present  time  does  not  include  an  array  with  acceptable  beam  characteristics 
at  scan  angles  greater  than  approximately  60°  from  broadside.  In  order  to  ac¬ 
complish  the  task  of  gathering  data  from  a  satellite  it  is  necessary  to  maintain 
radio  contact  with  it  for  as  long  as  possible.  In  other  words,  the  ground  based 
tracking  antenna  must  be  capable  of  scan  angles  symmetric  about  the  vertical 
axis  for  the  entire  range  of  90°  from  the  axis 

Purpose 

The  purpose  of  this  study  is  to  investigate  the  feasibility  of  using  a 
phased  array  to  accomplish  the  SCF  mission. 

Approach 

Since  the  technology  to  date  does  not  include  the  large  scan  angles  re¬ 
quired,  it  was  decided  to  abandon  the  planar  phased  array  and  investigate  the 
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possibility  of  using  a  non-pianar  array.  Since  the  requirement  exists  to  scan 
360°  in  azimOth,  consideration  .was  limited  to  geometry  symmetric  about  the 
vertical  axis.  This  indicated  an  drrqy  with. a  circular  cross-section  in  the 
horizontal  plane.  The. possible  vertical  cross-sections  included  conic  sections, 
rectangles,  trapezoids  and  truncated  conic  sections.  Since  consideration  of 
all  possible  cross-s/  --  ions  was  beyond  the  scope  ci  this  study,  the  geometry 
was  further  restricted  to,  the  most  general  conic  section,  the  ellipse.  With  the 
gene ral geometry  of  the  array  fixed,  the  CQ,C  6600,  digital  computer  was, pro- 
.grammed  to  calculate/, the^fdr  field  radiation  pattern  of  the  specified  array  with 

the  eccentricity:of  the  ellipse,  the  number  of  elements  in  the  array,  and  the 

/ 

phashig.of  the  elements  as  input  variables.  The  field  pattern  was  calculated 
for  various  array  designs  at  various  scan  angles  in  order  to  arrive  at  an  optimal 
design. 
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II.  Theory 


( 


Linear  Array  Theory 

If  an  array  is  considered  as  a  single  source  made  up  of  differential 
radiators,  then,  ignoring  the  effects  of  mufualaoupling,  the  resultant  radiation 
■pattern  is  a  superposition  of  the  field  contributions  of  each  elementary  source. 
This  means  that,  if  the  phase  and  amplitude  of  each  e  lement  can  be  chosen  such 
that  the  cancellation  of  the  fields  in  all  but  the  desired  direction  results,  a 
highly  directive  antenna  can  be  constructed.  It  is,  found  that,  in  general,  the 
desired  results  can  be  achieved  by  us:ng  identical  elements  equally  spaced.  By 
using  this  configuration,  the  total  array  pattern  can. be  obtained  from  the  pro¬ 
duct  of  the  radiation  pattern  of  the  individual  element  and  the  pattern  of  an 
identical  array  of  isotropic  radiators, ,-.as  will  be  shown  in  the  discussion  to 
follow  (Ref  7). 

Consider  the  simplest  array  of  all,  an  array  ofytwo  identical  infini¬ 
tesimal  current  elements  located  on  the  z-axis  with  a  spacing,  d,  as  shown  in 
Fig.  V.  The  field  at  the  point,  P,  far  removed  from  the  ar  ray,  produced  by  the 
element  located  at  the  origin  is  expressed  by  the  equation 


V 


jk  Z  I  AZ 

*  O  "0  o 

4'ir  r 


sin  9  e 


~i  k0r 


0) 


where <kQ  is  the  free  space  wave  number,  Z  is  the  characteristic  impedance  of 
free  space,  1^  is  the  excifation  current  of  the  element  and  A  Z  is  the  length  of 
the  element.  The  field. at  P  due  to  the  other  element  can  be  expressed  by  the 
same  equation  with  r  replaced  by  R.  From  the  law  of  cosines 


R  =  (r"  +  d2  -  2  r  d  cos  9 

'k 

i 


(2) 
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or,  alternatively, 


*05? ; 


This  latter  equation  may  be  expanded  by  means  of  the  binomial  theorem  in 
powers  of  d/ r.  Since  it  is  specified  that  r  »  d,  the  first  two  terms  of  the 
expansion  are  sufficient  for  phase  calculations  with  negligible  error.  In  addi¬ 
tion,  R  «  r  for  far  field  calculations.  Using  these  approximations  the  fie  Id  at 
P  due. to  element  number  2^  expressed  by 

i  k  Z  I  aZ  •  i  /  j  \ 

*ooo  ,  .  ■  i  k  r  *  a  cos  fl) 

H  — •  ■  —'■—■-■■i  '  —  em  ft  o  •  a  ' 


Ew  V 

0  4  r 


sm  0  e 


By  superposition  the  total  field  at  P  is  given  by 


.  ikoVo*Z  T  -ikor  -  i  k0  (r  -  d  cos  8)] 

Ee  =  ~47r -  I6  +e  Jsi"9 


jk  Z  I  AZ  - 
„  0  o  0 

E  =  — - -  e 

9  4  jr  r 


I  k  r  I  k  d  cos  0 
o  i  •  °  .  A 

1  +  e  sin  0 


Figure  2  shows  graphically  the  variation  of  E  with  0. 

It  is  easily  seen  from  the  above  analysis  that  if  arbitrary  identical 
antenna  elements  replace  the  infinitesimal  current  elements  above,  the  resultant 


field  could  be  written 


-  j,  k  r 
1  o 


E0=f<9,cp); 


[  i 

tl  +e 


k  d  cos  9 
o 


where  f(0,  cp)exp  (-j  kQ  r)/r  represents  the  field  due  to  one  element  located  at 
the  origin  of  the  coordinate  system. 
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Fig.  2.  Radiation  Pattern  of  Single  Dipole  (-— )  and  Array 
of  Figure  1  ( - ) 
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Generalizing  these  results  still  further,  for  an  array  of  N  identical 
antenna  elements  spaced  a  uniform  distance,  d,  apart  along  the  z-axis,  the  far 
field  can  be  expressed  as 


Ee=f(8,®)^-7 


,-i  ko  r 


N-l  j  k  n  d  cos  9"j 

,+£e  0 

L  n=  1 


(7) 


with  the  restriction  that  r  »Nd  for  the  far  field  approximations  to  hold.  This 
expression  for  the  far  field  may  be  considered.as  the  product  of  the. element 
factor,  f  (9,a))  exp  (-jk^rj/r,  and  an  array  factor,  A,  with 


A-  1  +  7  e 
n= 


j  k^n  d  cos  q 


If  the  amplitude  and  phase  of  the  individual  elements  are  varied  such  that  the 
n-th  element  has  amplitude,  C^,  and  phase,  ®xp(j»  ),  referenced  to  the  element 
at  the  origin,  the  array  factor,  A,  becomes 


N-l  j  k  n  d  cos  9  jan 


A=  1  +  YJ  cne 

n=l 


(8) 


Now  consider  the  linear  array  of  Fig.  3  with  a  uniform  phase  pro¬ 
gression  denoted  by 

<x  s-ndk  cos  9  •  (9) 

n  o  o 


where  9  is  a  constant  denoting  the  desired  direction  of  the  main  beam.  Set 
o 

=  1  for  all  m  Then  the  magnitude  of  A  is  given  by 


IAI  = 


|  k  d(cos  9  -  cos  9  )  {  k  2d  (cos  9  -  cos  9  ) 

.  0  00  o 

1+  e  +  e  + 


*  •  •  4*  © 


j  kQ  (N-l)  d  (cos  9  -  cos  9q) 


00) 
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Equation  (10)  is>q  geometric  progression  with  a  ratio  exp[j  kQ  r(cos  0  -  cos  0^)] 
which  can  be  expressed  as 


IA!  as 


sin 


'Nk  <i  (cos  0  -  cos  q  ) 
O  ;  O 


sin 


k  d  (cos  0  -  cos  0  ) 
o _ o 


(It) 


Letx.s  k  d  (cos  fi  -  cos  g  ).  Then  it  is  evident  that  as  x-approaches  zero,  A 

O  0 

approaches  N.  Nulls  in  the  pattern  occur  when  IAI  =  0,  or  when  N  x/2  =  «ir,  2 it, 

Sir,  •  •  •/  (N<-  1>r.  Since  the  maximum  value  of  IAI  occurs  at  x=  0,  the  main 

beam  is  indeed  in  the  direction  9  =  9.  .  This  fact  indicates  that  the  direction 

c 

of  the  main  beam  may  be  shifted  by  altering  the  phase  shift  of  the  elements, 

nr  ,  It  is  now  of  interest  to  examine  the  field  pattern  as  the  direction  of  the 
n 

main  beam  is  shifted  through  large  angles.  (Refer  to  Fig.  4.)  Designating  the 
position  of  the  first  null  to  the  left  of  the  main  beam  as  0+  and  the  first  null 
to'  the  right  as  0  it  is  seen  that 


k  d  [cos  (9  +  9+)  -  cos  9  ]  = 


and 


2tt 

N 


-2 


(12) 


f r 


k  d  [cos  (9  -  9  )  -  cos  0  T  =  w 

O  O  O  IN  , 


(13) 


X  — 

Assuming  0  and  0  to  be  very  small  (as  indeed  will  be  shown  to  be  true  for 

2 

large  N)  the  approximations  cos  0  =  (1  -  0  /2)  and  sin  0  =  0  may  be  used. 
With  these  substitutions,  equations  (12)-and  (13)  become 

+\2 


k  d  [-  0+  sin  9^  -  ^ 


-  2  n 

2 


(H) 
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k  d[0  sin-0, 
o  o 


_(£>2 
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005  9o:l  =  ‘N!r. 


Assuming  ^0»9i/  the  quadratic  terms  in  equations  (14)  and  (15)  can  be  dropped 
with  the  resulting  expressions  for  0+  and  0  . 


x 

e=e  - 


N  k  dsin9 
o  o 


Ndsin0 


,  ^  M 

Thus  it  is  seen  thatif  -Nd/x  is  large  and  0  sufficiently  large,  0  and  0  are 

o  o 

indeed  small  as  was  assumed  earlier.  It  is  also  evident  that  as  Q  varies  from 

o 

rr/2,  9  and  0  increpse. until  the  assumptions  made  to  obtain  equation  (16)  are 
no  longer  valid,  }.e.,  the  quadratic  terms  in  equations  (14)  and  (15)  can  no 
longer  be  dropped.  For  9q  =  0,  it  is  seen  that 


0*-eV(2xp/Ndf.  (17) 

This  condition  results  in  an  endfire  array.  While  a  linear  array  can  produce  a 
narrow  beam  in  the  q-directiori,  Fig,  5  shows  that  the  beam  is  in  fact  sym¬ 
metric  about  the  endfire  axis.  In  addition,  the  broadening  of  the  beam  as  0^ 
approaches  zero  renders  it  unsuitable  for  large  scan  angles. 

Planar  Arrays 

The  above  theory  of  linear  arrays  is  readily  expanded  to  the  case  of 

the  two-dimensional  array  of  equally  spaced  arrays  of  equally  spaced  elements 

% 

(see  Fig.  6).  This  array  may  be  considered  to  be  a  linear  array  along  the  y-axis 

whose  elements  are  linear  arrays/priented  in  the  z-direction.  From  the  above- 

• 

analysis  it  is  seen  that  the  far  \fifild  of  this  array  is  the  product  of  an  array 
factor,  A^,  and  an  element  factor,  A^,  where  the  element  factor  is  the  product 
of  the  individual  element  factor  and  the  array  factor  of  a  linear  array  is  the 
z-direction. 


11 
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rig.  6.  Two  Dimensional  Linear 
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E0=  f(9,cp); 


Nrl  . 
i+  £  •' 

n=r.  ■ 


j  m(k0vcos  9  -  ,8  ) 


n  (k0h  sin  0  sirup  -* ) 


where*  and  0  are  the  progressive  phase  shifts  imthe  horizontal  and  vertical 
directions  respectively.  Alternatively  this  can  be  written 

_  M-1  N-i  .  „  ,  . 


e“‘kor 


=  f(r,  0,cp) 


M-  1 

m=  0 


rri  (k0  v  cos  9  -f3  ) 


E 

n  =  0 


rs  (kohsinSsinp-a) 


where  A-  is  the  array  factor  calculated  above  in  the  analysis  cf  the  linear 
array  of  elements  along  the  z-axis,  and  A^  is  the  array  factor  of  an  identical 
arr,ay  oriented  along  the  y-axis.  Figure  7  shows  that  the  resulting  field  from 
the  two-dimensional  array  is  no  longer  symmetric  about  the  endfire  axis  (if  in 
■fact  an.endfire  axis  could  be  defined)  but  is  a  pencil  beam  on  either  side  of  the 
array. 

Volume  Arrays 

Logic  suggests  that  an  extension  of  the  theory  of  linear  arrays  to 
the  case  of  a  three-dimensional  array  made  up  of  a  linear  array  of  two- 
dimensional  arrays  described  above  should  yield  a  single  pencil  beam  which 
could  be  scannod  in  any  direction  desired.  Indeed,  extending  linear  array 
theory  to  the  volume  array  of  Fig.  8  yields  an  expression  for  the  far  field 


E.  =  f  (r,  0,  cp )  A  A  A 
9  w  ' r  x  y  z 


U 


i  mi **  •»  ’VJgr 
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Fig,  7.  Radiation  Pattern  of  Array  of  Fig,  6 
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where 


M 


V2," 

m=0 


j  m  (k0  a  sin  0  cos  c p  -#) 


N 


^  ei  n  (kobsin0sincp'- 0) 


and 


n=0 

P 


:-E*‘ 


p(k0  c  cos  9  -*£  ) 


P=0 


(21) 


(22) 


withcy,  0,  and£  the  progressive  phase  shifts4n  the  x,  y,  and  z  directions  re- 
specively.  It  is  easily  seen  that  amanalytic  solution  to  equation  (20)  would  be 
extremely  difficult  for  a  large  array.  However,  this  equation  lends  itself 
readily  to  solution  by  a  high  speed  digital  computer. 

Mutual  Coupling 

It  has  been  shown  that  the  radiation  pattern  and  input  impedance  of 
individual  elements  in  an  array  are  changed  by  the  effects  of  mutual  coupling. 

It  is  also  known  that  these  effects  become  more  pronounced  at  large  scan  angles 
(Ref  9).  Cheng  states: 

"To  the  author's  knowledge,  no  work  has  been  published  on 
array  synthesis  or  optimization  for  mutually  coupled  aper¬ 
ture-type  radiators."  (Ref  1:1671) 

For  this  reason  effects  of  mutual  coupling  were  not  considered  in  this  study. 


GE/EE/72-15 


»<A. Non-planar  Array  for  Satellite  T  racking 
Design  Considerations' 

The  task  of  tracking  an  orbiting  satellite  dictates  certain  restrictions 
01%  the  geometry,  of  the  array  to  be  used.  Complete  symmetry  about  the  verti¬ 
cal  axis  specifies  the  optimum  horizontal  cross-section  as  a  circle.  The  re¬ 
quire  merit \to  track  from  horizon  to  horizon  precludes  the  use  of  a  planar  array 
duo  to  the  unsatisfactory  beam  characteristics  at  large  scan  angles.  For  these 
reasons  the  geometry  was  chosen  to  be  a  surface  described  by  the  equation 
2  2  2  2 

K  +  y  +  z  /  E  =  k  (24) 

It  can  be  seen  from  the  analysis  of  the  volume  array  that  the  beam- 
width  is  a  function  of  the  number  of  elements  in  the  array,  the  spacing  of  the 
elements,  the  wavelength  of  the  radiated  wave,  and  the  scan  angles  0  and<p. 

Due,  to  the  symmetry  chosen,  the  cp-dependence  of  the  beamwidth  was.eliminated. 
Also  the  ope  raring  frequency  ;(V.7  to  2.3  GHz)  fixed  the  wavelength. 

The  operating  frequency  also  suggested  the  use  of  rectangular  aperatures 
as  the  basic  radiating  element.  Design  consideration  was  limited  to  a  rectangular 
aperture  operating  in  the  TE^  mode.  This  restriction  dictated  an  aperture  0,8* 
wavelength  wide  and  0.4  wavelength  high.  This  further  indicated  a  spacing  oPthe 
elements  of  one  wavelength  in  the  cp-direction  and  0,5  wavelength  in  the  0-direc- 
tion.  The  radius  at  the  base  of  the  antenna  depends  on  the  number  of  elements 
and  the  spacing.  These  restrictions  fixed  all  variables  with  the  exception  of 
the  eccentricity  of  the  vertical  cross-section  and  the  number  of  elements  at  the 
base  of  the  array.  Figure  9  shows  the  basic  geometry  considered  in  this  study.  ' 

Field  Calculations 

With  the  geometry  of  the  antenna  specified,  the  field  of  the  antenna  can 
be  calculated  from  the  equation  for  the  volume  array 
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Fig.  9.  Basic  Geometry  of  Array  Considered 
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M  N 


E  =  f  (r, S^cp )  C  AAA 

8  /  j  /  j  /  j  mnp  mnp  x  y  2 

m=0  n=0  p=0 


where  f  (r,9,cp)  is  a  function  of  position  of  the  mnp-th  element  in  the  array 
mnp  ' 

and  =  0  for  all  elements  not  on  the  surface  described  by  equation  (24). 
Equation  (25)  is  now  rewritten  in  polar  form  as 

Eg  f  £  f(0/-p)o-i kof,<e^)a.ik0f2(e,v> 


0=0  cp=0 


where  f,  f_,  and  f„  are  functions  of  the  beam  coordinates.  0  andcp  ,  the  coordinates 
\  l  o  o 

of  the  field  point,  8  andcp,  and  the  location  of  the  element  in  the  array.  (See 
Appendix  A  for  derivation  of  f,  f^,  and  fj.) 
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IV.  Computer  Simulation 


'  The  design  of  the  array  described  in  Chapter  III  was.accomplished  using 
six<computer  programs  written  for  the  CDC  6600  computer  using  the  Fortran 
Extended  compiler.  (See  Appendix  B  for  program  listings.) 

Program  Pattern 

Program  Pattern  is  a  program  which  computes  the  field  contribution  of 
eoch  elem9jit,  in-the^arraytat  the-specified-field. point,  sums-  the, individual* contri¬ 
butions  and  prints  the  value  in  tabular  form.  Field  calculations  are  performed 
in  a  specified  cp-plane  for  one  degree  increments  of  9  from  9  =  0°  to  9  =  90°.  The 
program,  given  the  number  of  elements  around  the  base  of  the  array  and  their 
spacing  and  the  ratio  of  the  height  of  the  array  to  the  radius  of  its  base,  will  also 
calculate  and  store  for  later  use  the  essential  geometry  for  the  field  calculations 
(i.e./tlvs  number  of  elements  in  each  circular  subarray,  the  arc  length  between 
adjacent  subarrays,  total  arc  length  of  the  array  from  base  to  top,  and  total 
number  of  elements  in  the  array).  The  program  calculates  the  field  by  solving 
equation  (26)  using  as  input  variables  the  number  of  elements  in  the  base  of  the 
array,  the  horizontal  spacing  of  the  array  elements,  the  cp-coordinate  of  the  field 
point,  the  angular  coordinates  of  the  beam,  the  ratio  of  the  height  of  the  array  to 
the«radius  of  the  base,  and  the  value  of  9  at  which  it  is  desired  to  begin  calcula¬ 
tions.,  This  last  input  was  provided  in  the  event  that  only  a  particular  region  of 
space  is  of  interest.  Output  from  the  program  consists  of  a  listing  of  the  geometry 
of  the  array,  a  tabular  listing  of  9,  E  ,  I  E  l,  and  the  phase  of  E  ,  and  the  9 

coordinate  and  magnitude  of  the  maximum  value  of  l  E  l.  In  addition,  the  listing 

0 

of  9  and  E  is  reproduced  on  punched  cards  for  use  with  a  plotting  routine  for 
graphical  display  of  the  array  pattern  as  a  function  of  9. 

Program  Two 

Program  Two  is  a  modification  of  Program  Pattern  which  calculates  the 
field  for  0.1°  increments  of  9  starting  at  the  center  of  the  main  beam.  This 
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program  was  provided  to  examine  the  field  pattern  in  the  immediate  vicinity  of 
the  main  beam  in  more  detail. 

Programs  Three  and  Four 

Programs  Three  and  Four  are  modifications  of  Programs  Pattern  and 
Two  respectively  which  compute  the  variation  in  the  field^pattf  ~n  i/rthe  cp-direc- 
tion.  While  the  first  two  programs  hold cp  constant  while  0  is  varied,  the  latter 
two  hold  0  constant  while  varying  cp. 

Program  Beam 

the  fifth  program  in  the  series  is  still  another  modification  of  Program 
Pattern  which  calculates  the  magnitude  and  phase  of  the  field  at  the  center  of 
the  main  beam  as  it  is  scanned  from  0  =  0°  to  0  =  90°  in  one  degree  steps.  This 
program,  like  the  first  four,  provides  the  output  data  in  punched^card  format  for  use 
in  the  standard  plot  subroutines  available  with  the  CDC  6600. 

Program  Optimum 

The  sixth  and  last  program  is  an  optimization  routine  designed  to  find: 
the  ratio  of  the  height  to  base  radius  of  the  array  which  yields  the  most  nearly 
uniform  gain  as  the  beam  is  scanned  from  0  =  0°  to  0  =  90°.  Let  H/R  be  the  ratio 
of  height  to  radius  of  the  base  and  £ ^ /E^  the  ratio  of  the  magnitudes  of  the  beam 
at  0  *=  90°  and  0  =  0°.  The  program  takes  an  initial  yalue  of  H/R  and  calculates 
Eg/Ej  for  this  configuration.  H/R  is  then  increased!'} n  steps  of  0.1  until  the  ratio 
E^/E^  decreases.  H/R  is  then  decreased  in  steps  of  0.01  until  the  ratio  again 
begins  to  decrease.  This  procedure  is  continued  until  the  optimum  value  of  H/R 
is  obtained.  This,  ratio  is  then  printed  along  with  the  geometry  of  the  array.  The 
design  resulting  from  this  program  is  then  analyzed  using  the  first  five  programs 
described  above. 
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V.  Results.  Conclusions,  and  Recommendations 


Results 

An  analysis  of  the  output  of  Program  Pattern/  executed  for  an  hemi¬ 
spherical  array  revealed  that  an  array  with  the  basic  geometry  described  in 
Chapter  III  would  indeed  yield  improved  performance  over  a  planar  array  at 
large  scan  angles.  Figure  10  is  a  computerized  plot  of  the  magnitude  of  the  E- 
field  versus  scan  angle  for  an  hemispherical  array.  It  should  be  noted  that  this 
array  pattern  does  not  have  the  sharp  drop  in  field  intensity  as  the  beam  is 
scanned  past  60  which  is  found  in  the  ^planar  array.  With  the  fact  established 
that  a^. array  with  this  shape  could  be  made  to  scan  through  the  range  required. 
Program  Optimum  was  executed  and  an  optimum  ratio  of  height  of  the  array  to 
the; radius  of  its  base  was  computed  to  lie  2.49^  It  was.also  found  during  pre¬ 
liminary  runs  of  Program  Pattern  that  an  array  with  128  elements  in  the  base 
ring  would  yield  a  beamwidth  less  than  two  degrees.  These  results  fixed  the 
geometry  of  the  array  entirely.  Figure  1 1  is  a  scale  drawing'Of  the  array 
design  which  is  analyzed  in  some  detail  in  the  paragraphs  to  follow. 

This  execution  of  Program  Beam  revealed  that  the  gain  of  the  array  is 
linear  within  2  db  as  the  beam  is  scanned  from  the  vertical  to  the  horizon  (see 
Figs.  12  and  13).  The  minimum  gain  of  the  array  referenced  to  a  sinqle  radiating 
aperture  oriented  normal  to  the  direction  of  the  beam  is  approximately  29  db 
at  8  =90°. 

Analysis  of  the  results  of  Program  Two  revealed  that  the  beamwidth 
in  the  9-direction  is  not  only  less  than  2°  throughout  the  range  of  scan  but 
actually  decreases  as  the  scan  angle  increases  to  a  value  of  approximately  80°,  • 
Figures  14  and  15  show  the  variation  in  beamwidth  in  the  two  directions  with  scan 
angle.  The  increase  in  beamwidth  at  scan  angles  greater  than  80°  can  be  at¬ 
tributed  to  edge  effects  as  the  beam  approaches  the  lower  edge  of  the  array.  It 
should  be  noted,  however,  that  the  maximum  beamwidth  of  approximately  1.5° 
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Fig.  10.  Beehive  Array  Resulting  from  Execution  of  Program 
Optimum  (See  Appendix  C  for  Complete  Specifications) 
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occurs  not  at  the  horizon  but  at  a  scan  angle  of  0°.  Program  Four  was  executed 
for  various  scan  angles  to  determine  the  beamwidth  and  sidelobe  levels  in  the 
cp-direction.  Stud/  was  concentrated  mainly  in  the  region  near  the  pole  of  the 
array  since  the  symmetry  of  the  array  indicated  little  change  in cp  characteristics 
of  the  beam  with  scan  angle.  It  was  noted  that  the  beamwidth  near  the  pole  is 
very  broad.  However,  this  result  is  inconsequential  since  any  value  for  a  beam- 
width  in  the  cp-direction  near  0  =  0°is  meaningless. 

Investigation  of  the  field  pattern  on  the  opposite  side  of  the  array  from 
the  main  beam  revealed  the  presence  of  two  small  lobes  located  136°  to  either 
side  of  the  beam  when  the  beam  is  scanned  to  9  =  60°.  (See  Fig.  16.)  it  is 
reasonable  to  assume  that  these  lobes  are  present  at  other  scan  angles  also. 
Further  investigation  of  'he  field  pattern  in  this  vicinity  revealed  that  the  mag¬ 
nitude  of  this  lobe  is  less  than  1  percent  of  the  magnitude  of  the  main  beam  and 
should  be  of  little  significance. 

Results  of  the  execution  of  Programs  Pattern,  Two,  Three,  and  Four 
for  various  beam  positions  revealed  that  the  maximum  sidelobe  level  of  the 
array-Ts  -9  db,  which  is  somewhat  higher  than  the  sidelobe  level  of  a  planar 
array  with  uniform  spacing  and  excitation.  However,  sidelobe  levels  decreased 
as  the  scan  angle  is  increased  as  shown  in  Figs.  17  through  23. 

It  was  also  discovered  during  analysis  c"  the  output  of  Program  Two 
that  the  calculated  beam  position  varies  from  the  specified. position  by  ap¬ 
proximately  0.4°  in  the  9-direction  at  scan  angles  greater  than  approximately 
80°,.  However,  this  Should  be  of  no  significant  consequence  since  an  offset  can 
be  added  to  the  desired  scan  angle  to  compensate  for  this  inaccuracy. 

Conclusions 

It  has  been  stated  in  this  study  that  a  planar  array  is  unsuited  to  the 
task  of  satellite  tracking  due  to  the  undesirable  characteristics  of  the  array  at 
large  scan  angles.  It  is  shown  that  the  task  can  be  accomplished  using  a  non- 
planar  array  of  3796  rectangular  apertures  arranged  in  the  shape  of  a  beehive 
with  a  height  equal  to  2.49  times  the  radius  of  its  base.  The  resulting  phased 
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array  has  a  ve«7  high  gain  with  relatively  low  sidelobes  and  a  narrow  beam. 
The  gain  is  very  nearly  uniform  throughout  the  range  of  scan  required.  While 
the  maximum  side  lobe  level  has  deterioratedvfrom  that  of  the  planar  array, 
there  are  techniques  such  as  non-uniform  excitation  and  spacing  available  to 
reduce  the  sidelobe  levels  to  acceptable  values. 

Recommendations 

It  is  recommended  that  further  studies  of  the  beehive  array  be  con¬ 
ducted  To  determine  the  effects  of-mutual  coupling  and  the  possibilities  of  using 
the  technique  of  iris  loading  of  the  apertures  to  minimize  these  effects  (Ref  6). 
The  effect  of  non-uniform  spacing  and  excitation  of  the  elements  in  the  array 
could  be  studied  to  determine  whether  performance  of  the  array  is  improved 
(Ref  4). 
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Appendix  A 

Derivation  of  Equations  For  Field  Calculations 

The  far  field  of  anelementary  antenna  element  at  any  point  in  space 
may  be  expressed  as 


-j  ko  d  • 

E9  =  f(M)S-7-.'“ 


(27) 


C 


where  d  is  the  distance  from  the  element  to  the  field  point,  f  (0,cp)  is  determined 
by  the  orientation  and  excitation  of  the  element,  and a  is  the  phase  relative  to 
some  chosen  reference. 

For  the  geometry  specified  in  Chapter  III,, 

d«[X2  +  R2  +  Z12' -  2  XRsinQ  vos  ( cp-cp’j)  r  2BZcos0  ^ 


where  X,  R,  Z^,0,  cp,  andcp^  are  as  shown  in  Fig.  24. 


Reference  Fig.  25.  If  the  arc  length  along  the  ellipse  described  by  the 


equation 


2  2  2 
R  =X*+Z  /E 


(29) 


is  very  small,  it  may  be  approximated  by  a  straight  line  chord  for  the  purpose  of 
calculating  the  value  of  X.  By  the  Pythagorean  Theorem 

Z]2+(R-X])2=(X/2)2. 

Substitution  for  .Z  from  Equation(29)  yields 
;;_2R  -  rx2  M  -  EH4E2R21* 


(30) 


and 


2  (1  -  E) 

Z  =  C(R2-X2)E]^ 


e1  =  tan"1  (Z/X), 


(31) 

(32) 

(33) 
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Fig,  25.  Geometry  Used  to  Calculate  Radius  of  Second  Circle  of  Elements 
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For  each  succeeding  circletaround  the  array,  the  radius,  X,  (reference 
Fig.  26)  may  be  calculated  according  to  the  equation 


where 


Xj  =  X  -  (X/2)  cos  a, 


a-  =  rr  -  tan  (dz/dx) 


—  tan-  I — 


[  (R2  -  X2>E)*J  . 


Arc  length  along  the  ellipse  described  by  Equation  (29)  is  given  by 


S=  f  [l  +  (dy/dx)2]^dx 


•  / 


2  2 

r-x^n 

2  2 
R  -X 


Reference  Fig,  24 


p  =  cos 


if  F«N  1 
LI  F 1  INlJ 


F  =  R  -  P 


R=R[a  sin8'coscp+a  sin0sincp  +  a  cos0) 
x  y  z 


P=X[a  cosm.  +  a  sincp,)  +  a  Z, 
x  M  y  ^  i  z  1 
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Computer  Programs 


\c 


o  + 


%■ 


I 


f 


< 


X 

o 

2 

2 

Q. 

a 

>?■ 

2 

CL 

e  m 

n  a 


I 

O  X 

A  A 

r 

H  «t 

2  a 

a  a 

r 

z  a 

M  <X 

^  X 

I 

z  a 
a  a 
a  a  x 

a  if 

2 

UI 

&  ii 

a 

a  h 

2c< 

AN 

O 

> 

a 

s 

a 

if  a 

A 

H- 

A<X 

o 

o 

a 

• 

•  a 

t'i 

•* 

*•» 

a  o 

a 

1  -A 

CN 

a 

A 

•  > 

Af- 

* 

N 

aaAJ 

*  X 

A 

o  o 

a  o 

AN  H 

♦ 

o  » 

2  H 

V  H 

«■ 

a  x 

H  UJ 

A  X 

1 

O  X 

Q. 

«l 

o  • 

d  *l 

a  * 

% 

a  a 

a  a 

>a  a 

,  Sfc 

«  * 

*  X 

a  x 

A* 

A  tf 

a  ni 

>- 

*N  trt 

X  A 

O  A 

O  2 

t  * 

a  o 

a 

O  M 

Aa 

o  • 

a 

a  o 

*  UI 

*  to 

d 

N-  < 

x  a 

a  a 

a  a 

h  a 

C3  A 

z 

Z  v 

O  O 

•  * 

H 

A  S 

z  a 

a 

CN  AN 

iu  a 

a  ii 

a 

rl  • 

2 

A«r 

f— 

a  a 

Ui  * 

*  H 

z 

*-  * 

>  A 

a 

a 

a  * 

<  ro 

f-  X 

2 

a  x 

x  • 

d  f— 

a 

-  * 

X  Ui 

a  + 

C  •  an 

O 


U3 
»°  '5. 


«  * 
■H  * 
O'X 

~  I 
e>  • 

d.  CM 
2  * 
«?  if 
A  to 
an  3 


a  cr>  a 


o  v 
•  » 


H  O  a 
H  Z  «T 

«s  <  a 
a  a  cd 
x 

zx< 
d  a  2 
a  2 
o  o _ i 

O  2  «X 

or  ow 
a  ooi 


U3  •»  M 
ro  a  ro>x 
a  *  m  a 
it 

ro  •  »  * 

•  in  ,  x 

lArlO  J 

a  a  x  a 
ro  h  »  h 
O  a  o  N  * 
«ncxm 
in  •  a-o  a 

—  <t  Ui-vD  60  d 

<t  a  w  a  &  *  oi 

Aa  A  A  A  -A 


2  a. 

o  H  Hi 

h  a  <\J 
o  o  — 
2  to  H 

Ui  tl  d 

2  an  X 

m  x  a 

Q  W  O 

a  a 


h«'<  a 
xx  « o 

■H  T-*  J- 

w  *“*u.  * 

H  h-  a  a 
d*d  X?fO 
2  X  2  • 
a  a  au\ 
o  o  +  a 
a  a  to  *> 
o  o 


I 

*  I 
A  (0 
IA  lu 

•  H 

IA  d 
2  2 
a  M 

A  O 

if  a 

O  AN 

2  O  If, 
DOM 

2  A 

M  X.  X 
Xd  0> 
d  a  a 
2  03  vO 
»  ♦  H 
A  a  A 
O 

XXX 

^  H  rl 
w  w  ^ 

hr  f-  H 
d  d  d 
2  2  2 
a  a  a 
o  o  o 
a  a  a 


ooo 

nwvMA 

o  o  o 

.3  O  CJ  O 

r 

rC  An  co 

to  £0  CO  CO 

CO 


» 

i 

i 

> 
• x 
a 
a 
«x 


to 

H 

2 

a 

2 


a  ♦  a 

a  to  a 

h" 

a  2  a 

OHIO 

2 

a  a  a 
a  a  a 
co  a  m 
2  2 
2  a  2 
2  0  2 

a  a 
Cr  a  <t 
«  rot- 
r  o 

=«■  2  H 

*  Z  * 

A  tf  A 

A  O 

XXX 

a  a 

A*  AW 

H  «■,  H 

«  a  < 
2*a  2 
a  cn  a 
0  2  0 
a  d  a 
o 

VO 

o 
CO 


an  o 
CJ  • 

•  JO 
vd  a 
a  cm 

(A  A 

in  in 

•  • 
in  in 
a  a 
a  a 
ro  ro 

A  A 

a  ro 

•  • 

vo  in 
a  a 


<t  <x 
r  2 
a  a 
o  o 
a  a 

N  «o 

o  o  o 

CO  CO  O 

O 

u 


2 

d 

a 

o 

o 

a 

a 


o 

a 

w 

2 

a 

CD 


V) 

H 

z 

d 

f- 

(O 

Z 

o 

o 

to 

a 

z 

M 

a 

a 

a 


• 

CA 
If 
If 
• 

O 

a 

* 

• 

AJ  • 
II  C. 
O  II 

a  m 
a  to 
a  a 


o  a 

•  >f 

a  • 

a-  CVI 

z  w 
«t  V 
H  • 
d  o 
if  a 

•  ro 
ii 

n  o 

H  d 

a  a 


• 

co 
a  » 
a  * 
a  •  <% 
a  o  • 
v  a  cp 
®  *  * 
co  •  jf 
if  ro  • 
*>-<&• 

•  v  a 
o  o  w 
a  ui  \ 

if  a  c 

•  a  uj 

to  *•  CK 

ii  m  a 
<  n.  ii 
c.  *'  a 
<r  •  a 
2  w  a 
«=t  ii  a 
a  z  o 


to 

a 

a 

H 

to 

z 

s 


>  2 
d  h 

a 

a 

«  H 

2 
a  m 
o  o 
a 
a 
Vi 
<t  a 
CD  UJ 


CO 

a 

a  Li 
a  to 
o<: 
a  n> 
o  " 

•  a 

Z  <2 

M 

to; 

Vi  2! 

a  h< 

I-  Oil/) 
<  dJZ 

z  ato 


O  a 


o  a 
z 

2  a 
o  o 
a 

cl  Z 

o 
a  h 

H  f— 

W  Z  H 

z  a  a 
0  2  0 
m  a  a 
f—  a 
«r  u:  J 
a  <i 

o  a  h 
0  0  2 
2  m 

car 

O  UI  U: 

a  a 
2  2  0 
M  2  2 
O  2  M 
a  ii  ii 

cn  2  or. 


a  oh 
or  H  d 
o  2 
o  >-  ,2 

O  d  tj 

a  2 
2  a  ct 
*3  «x  o 

it 

rp  a  a 
o  o 
a  a 

a  h 
d  x  iu 
O  2 
ft.wl) 
HHJ2 
X  X  ct 

a 

a  h 
o  o  a 
2  c 

<r  o  h 
m  a 
o 

<t  < 

f-  a  h 

a  ii  a 

x 

h  a 


ii 

«x 


ri  X 


o  o 
o  o 
o  o 
o  o 


O  O  O  C-  o  o  o  o 
O  O  O  O  0.0  o  o 
o  o  o  o  o  c  o  o 
OOOOOOOO 


46 


fc: 


I 


• 

V) 

UJ 

-J 

OK 

l 

d 

■ 

• 

, 

M 

• 

X 

< 

> 

j 

H 

• 

Z3 

0L 

*  a. 

• 

* 

X 

o 

H 

h 

• 

!• 

’  Z 

O 

o 

! 

H 

i“ 

■ 

>- 

* 

d 

Ul 

a. 

a 

DC 

z 

•X 

d 

UJ 

h- 

a 

u. 

Ul 

Ul 

o 

X 

o 

b- 

>- 

. 

UJ 

•> 

«t 

<o 

co 

T* 

•H 

O' 

H- 

<c 

UJ 

UJ 

O' 

. 

z 

CD 

» 

•» 

d 

<c 

X 

a 

»-  1 

i  »■* 

X 

IL 

n 

V) 

W 

i  M 

o 

•* 

X 

UJ 

z 

a; 

-o  X 

CL 

M 

o 

4 

lL 

uj  a 

* 

M 

o 

» 

oc  •> 

_l 

W 

X 

u.  a  n 

d 

• 

o 

ro 

»- 

•O  hi  d 

h 

M 

o 

2 

o  »•' 

e> 

•“X  H 

UJ 

h- 

II 

H 

<  V 

z 

co  a.  iu 

X 

M 

z  • 

a  -i 

UJ 

=>  •'X 

H  (VI 

Z 

M 

H  (VJ 

N  4 

_j 

— ,  M  O  h* 

•>  O 

M 

d  V 

X  d 

ox  a  d  *» 

oo  in 

o 

UJ 

X  H 

HQ  • 

a 

a  «  d  h-  Z 

•>  *. 

1 

o 

if) 

Ul  X 

IfiO  CO 

DC 

O  u.  DC.  UJ  r. 

-j  to 

in 

IT» 

#-*  < 

X  + 

a  x  o  x> 

d 

H  4  •»  X  H 

»>  o 

(V) 

*» 

•  X 

z 

0  140  M 

•*X  _J  l~  UJ 

2  in 

o 

ri 

■h  o  a. 

</)  S. 

4  *JH  O 

CO 

H  +  ►  r.  •> 

*>  *. 

s- 

•  ii 

•  n 

*>  Q 

U  Cl 

awns  d 

Ul 

no  o  ro  <c 

o  to 

O  H 

'O  H 

•  II 

K  * 

*  SZV)  X 

h- 

H  OC  O  O  O 

o  a 

X 

II 

li  a 

o  ^ 

d  (VJ  Z  H 

OH  II  D  4 

<c 

•  d  00  OO  oc 

Ti  in 

o 

O  r( 

II  CJ 

W  M 

-in  II  a. 

M  0.  (/.  M  •  • 

-J 

OCJ- 

*“N 

=J 

X  O 

H  O 

II  ~ 

D  »  ~  II 

x  ii  D  o  ni  o 

u 

II  V1,  II  X  1-  i-  X 

o  z 

O 

d  N 

+*  H  N 

^  o 

O  rlrlrlO 

H  rl  H  <  \  O 

o 

O  d  O  +  Z  Z  O 

d  w 

Q£ 

X 

a  w 

M  d 

— 1  Ul  II  **  M 

ii  HoaiN 

-1 

a  k  x  h  h  z 

ui  u. 

X 

X)  o 

a  a.  o 

w  j: 

d  II  rial 

X  X  <  11  II  11 

t 

<  o  4  ii  a  a  i 

Of  H 

1- 

co  a 

d  X  Q  d  d 

O  UJ  X  Z  X 

a  a  a  i  x  k 

o 

h-  o  h*  x  x  a  a 

(Vi 

(VI 

cvj 

o 

a  a 

uuoo 

o 

o 

ooo 

o  o  o 

rl 

O  (VI 

o  u  o  in 

N 

coo 

u  o  o 

f* 

o 

o  u  a 

o  a  o 

o  o  o 

o 

a  a  u 

o  o  o 

o  o  o 

47 


cccc 

CCCC  THROUGH  205  -  CALCULATES  NUMBER  OF  ELEMENTS  IN  EACH  SUB  ARRAY 


GE/EE/72-15 


\ 


n 

or. 

* 

z  • 

II  OJ<(VJ 

x  n 
3  x  II 

X  X  X 


<x 

o 

CD 

T  *->. 
<  X 

-i  3: 

V 

X  Q. 
*  Z 
W  H* 
D  U.  (VI 
H  II  II 
O 

<t  x  x 

O'  X  X 
*-*  II  ~  ' 

o.  a. 
wxzz 
c* 

N 

o 

(VI 


^  o 
ii  a; 
M  < 
*  M  || 
CM  « 

s  in  x 
x  h  x 

+  'd  “ 


X  X  H 
II  II  X 
rS  0.1  II 
XXX 


•  N- 

O  UJ  rl 
r!NDr  + 
+  Z  X  X 
X  O  M  II  z 
X  H  »-  X  II 
II  Z  < 

a:  o  o  a  x 
x  o  o  x  x 


CT'  iH  O 
«  J  J’ 

c\j  cvj  oj 


c  o  o 
o  o  o 
o  o  o 

O  O  O 


S7=SIN(THETAO/RAO> 

C7=CnS(THETAO/RAO> 


GE/E  E/72-1 5 


:  VC  ■ 
0£ 

< 

CD 

3 


</) 

>• 

-d 

. 

X 

us 

O 

DC 

d 

d 

-  at 

to 

X 

3 

• 

o 

(/> 

■ 

as 

U. 

X 

o 

c/> 

d 

z 

Ui 

o 

- 

M 

X 

H 

o 

3 

a. 

m 

u. 

M 

. 

os 

o 

• 

H- 

wi 

z 

UI 

o 

M 

o 

u. 

o 

t/i 

_i 

Ui 

UI 

H 

H 

d 

u. 

-J 

3 

z 

o  o 

V) 

X 

O 

V  A  A  M  A 

<t  «r 

x 

< 

>1 

M  M  1-4  M 

a  a 

3 

X 

d 

<rt  X  X  X  X 

s  s 

V) 

X 

<**  <H  t-I 

o 

I  a  a  a  o. 

<t  <t 

#■>  • 

*»d  d  <  d 

Z  H  till 

o  o  ►—  t— 

•  •  cvj 

CL 

tH  X 

X  I—  h* 

a 

H  H  111  U: 

OWN. 

o 

II  0. 

a  ui  ui 

o 

H  *  MHWMMM 

X  X  X  X 

*>  V,  W 

o 

X  _J  -J  X 

X 

o 

It  H  X  X  X  X  X  X 

o.aH(-i/i 

•  H  Ou 

3 

X  d 

d  H  H  <■* 

_» 

M  CL  CL  0.  CL  Q.  CL  CL 

^  *>*-»*■*  ^ 

o  a.  ii 

w 

•W  W 

^  X 

^  w  w  w  w  w  w 

2  to  !/)  2  H 

II  H 

tr> 

O  Z 

(/>  2: 

</)  X 

Cl 

O  •  2  w  2  W  £  111 

M  O  O  M  o 

•  II  <t  <t 

in 

inHOMo*- 

o 

OCMMOMOmO 

c/io  o  v>  < 

0«1> 

CM 

w  i/>  o  in  o  a. 

CM 

CM  II  WO  M  UWU 

II  II  II  11  ac 

ii  x  a  ui 

ii 

ii  n 

II  z 

M  II  II  II  II  II  II 

m  in  j-  j  ii 

rl  v  J  X 

o 

O  t-I  t-I  CM  CM  II 

O 

O  X  to  !•)  U)  M3  »  « 

(OODVIX 

fv  <  <  |— 

Q 

a  w  o  V)  a  z 

a 

aa  toutouMO 

o  o  o 

a  o  o 

o  a  o 

o  o  a 

coo 

QUO 

o  a  o 

o  o  o 

49 


GE/EE/72-15 


CM 

* 

'» 


K' 

I 

• 

-  t 

•T 

CM 

O 

N 

» 

AN 

« 

ue 

«  .  ' 

w 

H» 

UJ 

• 

CM  an 

CO 

1 

*  H 

w 

* 

.*  to 

2 

O 

an  M 

M 

ro  a 

to 

a*  or 

to  V 

* 

* 

*  an 

H 

UJ  A* 

UJ 

X  A 

a 

\  A  A  A 

ml 

1  •H 

» 

a*  «  r  x 

o 

UV  M 

UJ 

CM  2  — 

2 

to  1 

• 

*  V  UJ  tij 

d 

*  J- 

H 

O  *  d  to  (/■■ 

■TO 

w 

<  X  —  d  d 

o 

an  V)  * 

V 

U.  Jl  -i  X  X 

2 

n*  *  a 

an 

Hr  cm  «t  u.  u. 

d 

to  a  w 

'• 

-J  *  lu«tc 

*  » 

CM 

uj  a.  *  a  a  a 

a 

IO  +  rl 

•  V 

♦  UJ  (0  ♦a  a 

mi 

WNO 

UJ  *  D  A*  2  2 

Ul 

*  *  + 

<t 

to  AN  M  AN  W  W 

M 

X  *  —  CM 

t- 

d  AN  ♦  Q  2  0  0 

U. 

+  an  X  to 

Ui 

IHW<  d  d 

r*-  r*>  i  cm 

CD 

CL  a  *  CC  d  2  2 

X 

to  O  co  a 

w 

*  »  *  «  *-*  d  d 

d 

*  *  a  tvj 

2 

an  •  x  “  e>  •"  .♦> 

2 

to  x  *  to 

H 

UJ  CM  1  H*  d  an  an 

3  1  T  rl  N 

to 

O  ^  •  or  2  2  2 

(O 

m  in  to  ro  •> 

* 

2  V  (Vi  O  ananM-aw 

O 

a  o  *  cm  o> 

H 

dd*  (/)  irl  an  d  d  d 

2 

«r  *  q:  a  o 

a. 

OC.  O  *  *>  N  2  ‘a  a  a 

W 

a  T  -  cr  <vj 

*  t- 

«  (E.IO  X  AWRJUU 

U. 

1  lOt  On 

uj  to 

0.  2,0  1  X  d  2  H-  H-  • 

S  *  T<  N  • 

•  H  H 

an  X  d  W  w  na  *-  d  UJ  UJ  hI 

1 

c  or  to  ♦'cm 

■H  O  (0 

NUI_JOCMCM(OH-XX  + 

»  "  w  mi  V 

**  *  0. 

rOt  d2  2  0UI-h< 

CM 

♦H  w  w  fi)  *_( 

2  an  * 

0.  +  A  O'  <  <  <  II  A  At- 

o 

Kl 
—  <y. 

*  a 

x  CO 
i  ii 
h  H- 
M  (O 
CO  Hi 

a  o 


to  CM 

c  AN 

o  < 

<  t- 
II  ID 
d  CTi 
I-  *•* 

u  u. 

cn  m 


cl  • 
I  o 
d  II 

t-  a 
uj  «t 
ai  u. 
—  H- 
U.  -J 
M  UJ 


H  •  nH 
rlrlH 
0J  II  CVI 

o 

o  <t  c 

H*  U.  t— 


OJC  J 
liliUJU 


W  V 

II  II 


•  »  uj  r 
h  y  u  w 

•>  it  n  d 

♦  UJ  UJ  II 
cu  O  to  an 

2  d  2 

d  X  w 

n  a  a.  < 


H  H  H-  O  an 


x  h 
2  a 

w  Q 

a.  io 

2  II 

II  Ti 

x  M 


o 

d  d  II 

I  II  an 

II  H  2 
<  <  v 
X  t-  O 
0.  UJ  d 
-J  X  2 
d  t“  d 


N  IU 
«  X 
on  h- 
ii 

X  «t 

a  t- 

2  IU 
2  X 

a  h 


j- 


X 

o 
o 

or  < 

X  II 

h  o 


rl 

O 

•T 

A 

CM 

O 

AN 

•T 

A* 

A  A  < 

n 

H  H  H 

w 

O  |  U. 

O 

*T  OX 

vlttrl 

an  ~3  H 

cn  x  cn 

O  na 

Hd  A 

i  t-  a 

CM  *•  i~J 

AN  d  ♦» 

AN  ii  o  II 

"5  OH 

rn«T 

*A  UJ  —J  C5 

*a  mi 

O  O  U.  =0 

O  O  X  ri 

d  2  II 

d  O  d  O 

2.H.  <t  f 

Xf02-T~JdH-H-2 

H  CM 

CC 

O'  H 

o 

o 

cs 

Q 

r*>  n 

o 

n  h 

o 

in 

O  O  C 

O 

CM  CM 

CM 

tM  CM 

CM 

CM 

•5  0  O  t. 

O  O  C 

o  o  c 

fO 

It  II  w  Z  Ul  H 

ii  o  -)  u.  o  x  a 

O  O  ”)  H  O  I-  0. 


H  CM 
o  a 
ur 


50 


PRINT  80.5 


G  E/E  £/72- 15 


M  T-t 

X-I 

<a  * 
t  z  <r  r 
s:  *>a:  3 
*h  r  z 

rl  »  •«  «> 

II  J-  J-  «JD  <M 
Haaao 
tO  '30  to  CM 

o 

o  h  H-  H  O 

CT  2  2  s  H- 

H  H  H 

o  a.  it  a:  o 

o  a  a  o.  e 

CD 

o 

O' 


503  STOP 
ENO 


PROGRAM  TWO ( INPUT ,  OUTPUT , PUNCH) 
COMPLEX  RANGE, PHASE, A, W,Z 
REAL  LAMBDA, K 


6E/EEA2-15 


ui 

-i 

.*»  o 

N  O' 


♦  ■#» 

to 

tk  M 

«>  n 

«fc  * 

«.  | 

I 

>-  >- 

«t  «* 

O'  CY. 

O'  O' 

<  *r 

z  z 


Ui  O 

U.  II 

in  if) 

^  • 

-1 

*.< 

f-.  H- 

0  OJ 

•  UI  >f 

If  0- 

z  z 

—  * 

>  •> 

Ui 

UJ  UJ 

UJ  If 

C  03 

f-  I 

X  X 

l/i  X 

3  • 

«  f- 

UI  «  UJ 

<  If 

1 

— 1  M-  _J 

X  UJ 

«JD  U. 

if  1 

UI  CO  UI 

a  + 

«**  tC  •* 

•>01 

f“ 

c  • 

\lf 

IA  Ui 

u  z  u. 

♦.  (\J 

0  •  If  II 

•  1— 

0  Ui  0 

**  >f 

•  v£i  •'M 

IA  < 

X  « 

H  if 

milhx 

y-t  Z 

or  uj  or  n  □ 

O'  X  U  *-  M  U. 

U  H 

UI  .J  UI  O  • 

“  1 

•>10  ♦>  rV 

•.  a 

co  u;  co  •  o' 

O  • 

03  •  if  '♦» 

*  O' 

X  X  VD  U. 

<1  OJ 

•  IA  X 

0  ^ 

3li.DU.IM 

X  * 

IA  ri  O  •! 

X  O  IA  Z  O  2  •»  r. 

*x-  * 

U.  U  Z  *> 

SOW 

IA  IA 

•>  tn 

•.OJ  M  if 

X  •«  O'.  J  •  • 

o'  o  in  • 

"  <  U.  tD 

<  01  o>  u. 

Z  *•*  IA 
O  M  X 
H  O'  OJ  -H 
(TO''4' 
2  03  H-  f- 
UJ  .11  <q  < 
I«I1 

m  x  o  or 
c  —  o  o 

L.  U.  U. 


•  rl  cr  X  lu  x  <r  O'  %  CD 

IA  •  a  O  CO  *3.  IU  •  %  2; 


U.  UJ  </)  «J 

oj  u.  *  #  m 


r<  rl  U. 

X  •  o 

•H  J- 
w  U.  * 

J*  *  M 

«J  xvpi 
x  j-  • 
or  •.  ia 
o  «•  u. 
U.  CO  *. 

o  o 

o 

CJ 

to 


M  H  »  2 

r.  •.  #.  *s 


CJ 

XXX 
H  rl  H 

WWW 

hhH 

<1  <  * S 

x  r  x 
or  or  or 
o  o  o 
u.  u.  u. 

th  ro  j- 
C*  c.  o 
«0  00  CO 


*  cr1  • 
X  X  X  vO 
H  J'  H  U. 

*•*  »>  w  w 


to 

cr  * 
lu  * 
a:  • 
u.o  • 

N,  H  O' 
•*  * 
«e  •  * 

:  *  o»  • 

*  <*»  o 

•  V.  rj 

oa« 

UJ  *v 

#  or  a 

•  U.  UI 

ro  *  a: 

II  HU. 

«  a.  ii 
a  *  a 

03  .  u 

x  cu  or 

*i  h-  u. 

—•  M'O 


CO  Z  H 
2  UI  W 
0X0 
M  UJ  CL 
H  -I 
«IUI  J 
_J  <x 
X3  U.  H 
O  O  Z 
•J  U! 
flKZ 
O  UJ  UI 

m  or 

zxo 

HD  2 

e>  z  m 

UJ  II  II 
02  2  03 


V) 

UJ 

UJ  Ui 

i  or  in 
o  <t 

UI  Oj 

o 

u. 
z  o 

M 

CO 
V)  3 
UI  M 
HOW 

<  <t  z 
z  cr  o 
M  w 
C  O  H 

or  h-  <i 
o  j 
oxo 
u  «5  o 
CV  _J 

x»or  <t 

<  «  o 

UJ 

cn  u.  or 
o  c 
uj  u. 
nr  h- 
<x  x  UJ 

O  _J 

a  m  o 
w  ui  z 

X  X  < 

a 

u.  »- 

o  o  a- 


m  tn 

o  i-  II 

<  <  <x 
h-  or  H- 
ui  ii  uj 


000000 o 
0000000 
o  o  o  o  o  o  o 
0000000 


52 


GE/EE/72-15 


( 


\ 


to; 

UJ 

-J 

tu 

d 

w 

a 

d 

> 


( 


o 

0, 

a. 

• 

Z 

* 

; 

o 

H 

H 

• 

i  . 

‘  2 

o 

* 

O 

»- 

H 

>- 

■ 

Z 

4 

Ui 

a: 

■ .. 

a 

o: 

36. 

d 

et 

UJ 

H 

a 

U. 

UJ 

UJ 

i 

o 

X 

to 

o 

■ 

1 

h* 

> 

. 

UI 

-•» 

< 

CA 

• 

j  • 

to 

rl 

or 

.  j- 

[ 

<t 

UJ 

Ui 

OC 

, . 

z 

' 

a> 

•. 

* 

«t 

.< 

" 

X 

a 

j- 

# 

‘ 

X 

X 

M 

CA 

in 

M 

o 

». 

X 

UJ 

z 

0. 

QC 

O  X 

a 

N 

o 

* 

U. 

UI  Q. 

* 

M 

o 

• 

CC 

o 

J 

CVJ 

X 

u.  a  o 

<4 

• 

u> 

to 

J- 

o  m  d 

h 

H 

a 

z 

o  — 

o 

•*  X  H 

UJ 

►- 

II 

M 

d  V 

z 

(A  a  tu 

X 

H 

z 

• 

a  j 

UJ 

o  •*  X 

h  w 

Z 

M 

'.H 

CVJ 

v  * 

~l 

M  O  1— 

A  C? 

M 

w 

<CC 

V 

U.  d 

o  x 

O  d  ** 

CD  IT* 

o 

UI 

x 

H 

w  a  • 

o 

O  -/ 

fll-  Z 

*  M 

f 

o 

v*  V) 

UI 

•  •  .  CL 

ino 

i/) 

0C 

p  u. 

n  iu  *. 

J  fo 

in 

cn  d 

oc 

+ 

0.  X  O 

o 

d 

tH  * 

c.  X 

*0 

CVJ 

* 

*  •  X 

Z 

a  i  d  o 

M 

•*  X 

J  J-  UI 

X  ITN 

CT 

•Had. 

to 

% 

d  •  «J  H 

Q 

to 

rl  + 

*  *  K 

«*  #* 

N. 

9  tl 

• 

II  •>< 

UJ 

03 

QC  CM  *>  S 

d- 

ut 

II  o 

O  fO  oc 

o  ro 

O  M 

© 

H  *  II 

•J— 

* 

*  N  Z  to 

a 

J— 

M  X 

ooo 

o  o 

X 

II 

II 

a 

O  — 

*4 

CVJ  Z  M 

OHII3 

* 

d 

®  ct 

OO  to  oc 

t  U\ 

o 

O  H 

»■» 

n 

CJ  w  M 

*  it  a 

h  a  ca  m 

•  • 

_J 

C  o  h 

tl-hX 

O' 

a  o 

H 

*■» 

a  it  -> 

o 

#  /-.it 

x  ii  o  a  cvj  © 

O 

II  H  II 

O  X 

o 

<  h- 

w 

W  N  «->  U> 

o 

HrlrlO 

a  -H  W  d 

N  CD 

o 

ono 

+'  z  z  c 

«x  w 

0' 

X 

o 

W 

H  d 

-J 

UI  II  «  M 

II  HCK 

X  CVJ 

-J 

a  oc 

X  H  W  2 

ui  u» 

x 

D  O 

or  a.  o  ~  x 

Cl 

ii  -h  a.  i 

T.  I  <  II 

II  II 

d 

d  O  d 

II  u  oc  o 

O'  M 

H 

i/>  a 

d  Z  O  d  < 

o 

uj  z  z  a 

aa  orxxo: 

o 

l-  o  j-  x  a.  u.  u 

CM 

CM 

cvj 

o 

O  c.» 

ou  u 

CT» 

©  O  O  O 

o  o  o 

'H 

O  CM 

oooiri 

s  o  o  o 

o  o  o 

o 

o  c*  o 

o  u  o 

o  o  o 

o 

o  o  u 

O  O  CJ 

o  o  a 

( 


53 


i 


GE/EE/72-15 


H 

w 

If 

>• 

• 

«c 

(VI 

a: 

w 

a 

V 

. 

< 

• 

** 

I 

ar 

», 

1 

3 

CM 

CO 

if 

‘ 

, 

if 

X 

10 

a 

X 

| 

<X 

M 

U) 

a 

* 

<x 

u 

< 

04 

M 

If  “ 

• 

.  to 

CVJ 

f- 

if 

* 

Z 

If 

ui 

Ul 

X 

* 

, 

Ul 

Ul 

• 

V 

mJ  • 

•X 

Ul 

+ 

Jt  CM 

** 

. 

O  If 

U. 

UJ 

CM  * 

O 

1 

*>X 

• 

10  1 

Ut 

•rt 

O  CM 

Ul 

w 

h 

CM  if 

01  X 

* 

-r 

•of 

X  UJ 

• 

CM 

in  co 

X  X 

CM 

•» 

0  D  »> 

zh 

If 

H 

WHC 

» 

J- 

.-.OX 

(O  z 

CM 

•  «T  0. 

Ul  Ul 

D 

•> 

cm  a  _i 

l-  Ul 

CD 

Cl 

M  ^ 

V  -*  < 

• 

«t  3C 

X 

J- 

CL  ■  >- 

<x  w  s* 

, 

-1  f- 

< 

CM 

*  w 

X  O  H  (O' 

■ 

X  Ul 

-1 

(T» 

•  u. 

x  co  or  0 

I 

O  03 

w 

«t  ro  ^ 

CM  » 

^x  0  0 

-1 

f- 

O  CM  tH  CM 

w  X 

0  «*  <0  if 

• 

«  X 

ty 

CO  *  1  I 

X  ♦ 

CC  _J  »>  — 

% 

O  H 

CT 

T  *■*  O  X 

<r  0  ^ 

<  1  X  • 

« 

C3 

to 

«*  X  X  H 

O  OX 

+  0  1  CM 

% 

1  Z 

• 

J  X  CM  ~  1 

X  X  •  H  X 

0  a  »-  x 

1 

UJ 

<0 

v  "  *.a  x  x  x  0  •»'-« 

or  d  CM  < 

* 

tr  _i 

X  Ol  0  Z  X 

**  «a  a  HO 

«t  x  z  a 

% 

a 

H 

*  Z  -X  \  ~ 

a  _j  h  11  or 

x  x  <  co 

* 

CM  O 

O 

CO  M  if  CM  ~  Q. 

z  *  v  h  «r 

X  tO  H  X 

• 

or 

< 

X  CL  CO  ^  X  Z 

+  «  •  H  || 

to  1  <x  «=c 

1 

x  «x 

or 

HU  ||  rl  X  II 

X  X  X  CM 

II  0  1  _J 

as 

* 

O  -«-»  *•»  1  0. 

OXI  X  tfi  X 

UK  II  w 

x>  0  z 

• 

<ZXXQ.rZ~(MXHXX 

or  <  <  1 

II  CM  CM  O' 
s'  II  II 

XX  II  *— *  CVJ 

zrxwx 


+  H~  +  <f-3:xXH 
X  O  >-  E  ~  Q.  II  II  X 
II  O  or  II  3  U.  J  rl  (VI  II 
>-0<>>MH<XXX 


•  s> 

O  Ul  H 
rl(VI  D  i;  + 
•f  EXE 
E  O  W  II  X 
Zl-hX  II 

II  z  <  < 
x  o  o  x  x 
x  o  o  x  x 


to 

N 

(TrlO 

to 

•3- 

UN 

0000 

<1 

O 

fO  Mt  Jf 

rl 

0 

O 

OOO 

0000 

CM 

CM 

CM  CM  CM 

•H 

CM 

CM 

OOO 

0000 

o  o  o  a 


c  o  o 

000 


54 


00  400  H=J ,91 

S7=SIN (THCTAQ/R40) 


GE/Ec/72-15 


c 


Kt 

< 

u: 

0C 

d 


>• 

d 

O' 

< 

CD 

3 

CO 

X 

o 

d 

Ul 

X 

o 

Q. 

U- 

O 

«J 

Ui 

M 

U. 


o 

_l  . 

lu 


H 


(/) 

Ul 

M 

d 


o 

«t 


o; 

s 


a  a 
d  <r 


X  a: 
_  v  v 
<t  ^  ««.  d  d 
t-OOH-h- 
UJ  w  M  Ul  U! 
x  X  x  X  X 

t—  o.  a.  i—  i— 

w  w  ^  **  ^ 
IflZlflWZ 
c  M  O  O  M 

OVlOOW 

II  II  II  II  II 
s  ir\ln  •!  4 
oiroaw 


■»  •  OJ 
O  M  S. 
•>  V  M 
(/)  •MO. 

3  o  a.  ii 

M  W  II  H 

O  •  ll  d  d 

d  o  «  I  h 

o''  '>  x  a.  ui 

MJI 

i  d  d  M 


u. 

•J 

. 

3 

z 

CO 

X 

O 

s 

X 

d 

3 

«  M  M  M  M 

3 

X  .-N  rs 

d 

•H  X  X  X  X 

V) 

X  #■*  nH  f4 

O 

i  a  o.  a  a. 

•>d  d  d  d 

Z  M  lilt 

a. 

M  X  X  M  M 

a 

*i  w  «  «  tI  rl  O  U 

o 

II  CL  a  Ul  ill 

o 

H!  *  M  H  M  M  M  M 

o 

X  J  -J  X  X 

o 

It  M  X  XX  XXX 

_i 

X  d  d  M  M 

_i 

Ma.o-aa-a.a.cL 

V  W  W  w 

X 

^  W  w  W  w-  w  W 

o 

oZIrtZW 

X 

o 

O  1  Z  (fl  2  M  z  in 

u> 

in  M  O  M  o 

w 

o 

OCVJMOMOMO 

CVJ 

Ni/iowa 

a 

cv» 

0J  II  I/IOMOWO 

n  ii  ii  it 

7Z 

M  II  II  II  II  II  II 

o 

Orl  rlWW 

II 

o 

O  X  to  f*>  \S3  to  ft*  00 

a 

owyi/iu 

X 

a 

oaiflowowo 

coo 

o  o  o 

o  a  o 

o  a  o 

o  o  o 

o  o  o 

o  o  o 

o  o  o 

i 


ft) 

* 

* 

r* 

rt 

ft) 

I 

J- 

o 

* 

a 


1 


< 


w 
’* 
lr 

to 
to 
4 
X 
I 

u> 

CO 
4 
•3- 
~  tO 
ft-  * 
to  a  — 

tO  4  rt 
V)  ft)  O 


tO 

l-t 

O 

V. 


M 

I 

*T 

O 

4 

QC 


ft) 

V 


CD 


to 

* 

ftt 

a 

* 

O) 


,  • 

ft) 

N. 


o 

d 

u. 


UJ 

4 

U) 


ut 

s 

ft) 

* 

* 

x 

i 

t\l 

4 

«■>  * 
UJ  10 
4  3 


a 

cl 

4 


<srx 

1*  'W  w. 
til  III 

d  to  10 
•r  d  d 
-J  X  X 

d  CL  CL 
UJ  d  d 
CL  '  »>  rt 

X  X 


UJ 

_J 

ID 

2 

d 

o 

d 

o 

-J 

U) 


4 

4 

4 

d 

to 

rtrt 

ftt 

** 

w 

w 

►H 

X 

4 

rt* 

ft) 

ft- 

d 

/»» 

• 

a 

X 

CD 

o 

lu 

4 

#■% 

X 

ft) 

IU 

X 

H 

ftj 

d 

V 

d 

d 

ft- 

ft) 

r 

ft) 

m 

a 

X 

4 

CL 

d 

X 

X 

X 

1/ 

O 

cO 

rt 

w 

4 

4 

4 

V* 

v_* 

d 

d 

d 

4 

4 

O 

ft) 

z 

*■» 

• 

X 

W 

CD 

r% 

«s 

X 

to 

X 

4 

to 

ftt 

UJ 

ftj 

1 

h- 

d 

rt 

3 

1 

J- 

H 

ft) 

to 

O 

*— - 

• 

X 

X 

X 

X 

to 

ftt 

IT. 

to 

to 

* 

4 

z 

V. 

ft) 

C3 

*•* 

*•» 

M 

*-* 

o 

rt 

O 

o 

4 

ft) 

O' 

ftt 

d 

d 

4 

to 

rt 

d 

d 

d 

2 

*> 

•a 

4 

tr 

•» 

o 

a. 

CL 

a 

4 

rt 

M 

r 

w 

r. 

rt 

ft) 

n 

cl 

<r 

w 

CO 

ft) 

4 

h 

w 

an 

to 

X 

•> 

w 

ftl 

d 

d 

r*t 

u. 

w 

t 

to 

4 

o 

rtrt 

vO 

to 

0. 

X 

X 

1 

X 

d 

H 

1- 

l- 

* 

ID 

ft- 

4 

rt 

ft) 

• 

• 

M 

M 

rtN 

X 

d 

M 

w 

w 

d 

IcJ 

UJ 

O 

t 

rt 

d 

o 

or 

V) 

4 

ft) 

rt 

O 

C/) 

N 

UJ 

-J 

a 

ftl 

ftj 

to 

)- 

X 

X 

4 

tP 

X 

4 

rt 

V 

w 

4 

a 

w 

a 

4 

d 

z 

2 

ai 

d 

)- 

ft* 

d 

ftj 

rt 

d 

rt 

to 

ftt 

Z 

* 

a 

4 

#■»* 

CL 

d 

d 

d 

II 

rs 

rt 

ft* 

o 

CU 

rt 

ft) 

H 

to 

ftl 

a 

• 

T*t 

• 

rt 

H 

• 

X 

X 

.*■» 

rt 

w# 

ftr 

ft- 

O 

a 

N 

UJ 

J- 

II 

a 

w 

tL 

o 

rt* 

• 

O 

rt 

rl 

r4 

to 

rl 

• 

4 

UJ 

X 

4 

w 

d 

d 

II 

X 

o 

o 

X 

rt 

“> 

*— 

4 

a 

a 

d 

II 

ft) 

II 

ftj 

II 

1 

rH 

X 

o 

rt* 

X 

ft 

1 

II 

ft. 

CO 

ft* 

X 

w 

rt 

X 

to 

< 

h~ 

h- 

O 

o 

O 

rt 

•S 

II 

II 

d 

X 

cl 

II 

rt 

X 

UJ 

II 

ID 

ID 

O 

X 

1 

ii 

ii 

UJ 

U. 

d 

O 

d 

O 

d 

• 

• 

UJ 

UJ 

II 

w 

a 

d 

d 

to 

H 

X 

d 

3 

d 

o 

d 

II 

h- 

d 

CO 

Q 

U. 

t- 

u. 

ft- 

u. 

a 

O 

id 

to 

rt% 

0. 

to 

X 

H 

ID 

d 

z 

a 

ft* 

O 

X 

f<J 

X 

ftt 

10 

ft- 

*r 

ft* 

ft- 

ft* 

w 

w 

z 

d 

X 

2 

ii 

a. 

UJ 

d 

X 

M 

2 

UJ 

CL 

d 

d 

to 

u 

u. 

Lu 

-1 

o 

_) 

o 

_) 

II 

II 

Cl 

X 

W 

II 

rt 

— j 

X 

X 

Q. 

a 

3 

X 

X 

II 

C 

II 

a 

o 

CD 

ftt 

M 

U) 

id 

U) 

id 

UJ 

X 

N 

or 

a 

d 

X 

N 

d 

ft* 

d 

d 

Q 

a 

1- 

ft- 

a 

o 

Q 

rl 

ftl 

cO 

O' 

rt 

CD 

o 

o 

O 

ft) 

ft) 

o 

o 

rt 

r> 

U' 

o  o  a 

o 

o 

ft) 

ft) 

ftj 

ftl 

ft) 

ft) 

ftj 

300 

o 

to 

o  o  a 
o  o  a 


56 


DC  <*G1  J=l,9i 
JJ=J 

IF  (A^AG(J)  -D)401,4G2, A01 

401  CONTINUE 

402  THETA=FLOAT< JJ-1) 

PRINT. ttOl, OjfHETA 


( 


M  *-< 

X 

<0.  » 

X  Z  <  T. 

x  *»x  a 

»H  X  Z 
rl  o  »  » 

US  II  J-  OJ 

O  M  C3  O  O  O 

oo  con  con 

a 

»-  o  H  H  H  O 

zirznzi-o. 

M  M  M  M  O  O 
Q£OOc.Ijl(i:OH>Z 

aoaao.  ecou 

o  w 

o  o 

O'  us  i 


57 


I 

*; 


UC/  tc//t*l U 


I 


t 

i 


O'  * 

Ui 

Z 

1 

UJ 

H  II 

UJ 

X 

UJ  >- 

3 

H 

x  «c  f. 

a 

X  V 

a 

U. 

„ 

* 

*  a  •» 

.  H 

0 

ft«t  £3 

CVI  • 

0 

H 

•  x  w 

* 

X 

VC  0  u. 

* 

u. 

u  ft 

•« 

••M  * 

N 

X 

«  cu 

*  X 

0 

Vi  CJ  ft  II 

*  Hi 

u 

V) 

0  4 

3  M  X  M 

*fc  *0 

a 

UN  X 

M  UJ  .3; 

■If  M 

UI 

IU 

«  1 

ax  *  a 

«:  f> 

M 

O  • 

<■  *  V)  * 

*»  * 

'Z- 

V) 

a:  <m 

X  ft  Ui  ft 

%  1 

H 

Vi 

<1  * 

*  X  UI  X 

1 

Z  LU 

►  * 

»>  Jt  X  N< 

>“  >■ 

z 

V  UJ 

« to 

X  it  u  * 

«r 

O 

M  X 

0  3 

a-  *  uj  0 

a  of 

M 

X  0 

Cl  M 

*></>  a  • 

X  Of 

H 

\a 

in  0 

*  ui  *  ro 

<  «t 

«t 

►  zb 

<T 

X  UI  f»  u. 

H 

«X  M 

a  ir 

i-  0;  0  • 

Z  Z 

X 

X 

E-Z 

* 

0  u>  •  * 

M  M 

•a. 

•a. 

. 

X  M 

►  s. 

z  ui  ro 

> 

X 

«t  M 

f-tt  ftt! 

UJ  0  u  11 

«/J  0) 

0 

z  to 

rl  • 

_j  •>  <t 

1“  M 

iu 

0 

U  M  UI 

o>  ivi 

UJ  4-  »  m 

z  z 

X 

X 

U  0  1* 

«  * 

7>  K  UI 

uj  uj 

H 

a 

X  <t 

X 

UI  * 

«3  to  V-  X 

X  X 

UJ  z 

o 

VI  X 

X  •  <  M 

X  H  X 

U) 

z 

(/•  0  M 

z 

«3  * 

VO  1 

-I  *  _J 

X'tO  UJ 

UI 

MV 

«t  3  a 

3 

X  UI 

VD  U  »  1 

v~ 

a>  x  x 

a 

a  +  #. 

H  ft  ft  C/l 

l- 

O 

M  0 

•> 

<  »«os*  in  uj 

x  z  u. 

3 

.  UJ 

0X0 

M 

•«ivi  a  • 

*11  •  M 

0  ui  0 

3 

Vi 

z  0 

3  N 

■>  •  \D 

-m  in  «t 

X 

0 

3 

3  X 

X  ft 

rl*  WU.WI  -HZ 

x  x  x 

0  j 

• 

OCX 

M  X 

O'  X  U  .MO.  U.M 

UJ  J  UI  0 

f  «a 

LU 

CO 

X  <1 

3  f> 

—  1  »tUi 

•>  *  •>  Q 

tu  UJ  u 

•  IO  tJ 

CD 

C3 

4ZU> 

0  «r 

0  •  tn  • 

*  •>  *  Of 

r  x  vc  u. 

UJ 

★ 

0  cn 

•>  *> 

<t  cj  #  in 

X  0 

ft  3  X  3  U  CJ  Z 

O 

X 

• 

LO  M 

M  X 

X  *  U.  H 

O  J-  U-  'O 

in  z  0  z 

<K 

f«  3 

h 

X 

O 

• 

MMX 

3  Vi 

<  *  u  u 

Z  *  3  0 

M 

tn  in  x 

V 

H  O' 

U)  Z  M  O' 

x  <r 

•>(/)  MO  H  »  ft,  JE 

K  J 

• 

• 

V ) 

• 

* 

* 

zuuoq 

2  X 

f  3  O  ►UN*  HI 

x  >»(UJ  er  in  in  w 

M 

eo 

f 

* 

oxo 

m  a 

M  M  f  H 

<t  X  W  X  < 

O'  »  O)  H  Tl  t*  H 

Z 

• 

ft  M  * 

tn 

# 

H  UI  X  X 

w  •% 

O'  a  in  • 

a  0  V)  «  uj 

*«  X  O  U.  U  X 

* 

•3. 

O' 

a  0. 

* 

w 

0 

h~£j  h 

tu  ui  v 

“<I  lufl  W  <t  X  cu 

it)  «  D  1-  C)  10  h 

O 

M 

* 

#  * 

f 

V 

H 

<  X  3  X 

LU  O  »<0.  N  IL 

*  *  cc  *  * 

H  *  Z  * 

f> 

f  * 

Z 

V ) 

» 

H  • 

0 

O 

w 

3  <J  O. 

O'  Z  <3 

W  ^ 

►  ►  ►  ► 

f*  »>  *  f« 

H 

r*>  *> 

H 

Z 

• 

«t*  (VI 

H 

UI 

V 

3  X  M 

IrtOZ-lft 

H  -H  U.  Cl 

ft  C! 

• 

f 

>- 

O 

0 

Z  n-' 

* 

X 

O 

0  0  z  0 

HUB  O  (■  H  I 

x  .  a  x  x 

X  X  X  X 

<n 

in  x 

X 

O 

H 

«t  V 

• 

u 

UI 

3  X  Z 

x 

H  ft  W  rl 

H  J-  H  H 

H  ri  J  ri 

u. 

U  H 

< 

* 

l—  • 

fO 

» 

X 

<1  a-  r  *x 

x  x  <r 

V)  a  ~ 

►f  1 1  .  tf  w 

t*  ty  ft  w 

w  w 

> 

to 

• 

<  0 

11 

H  U 

own) 

<  lu  J  Z  (/)h  h 

M  ft  f,  M  M 

l—  H  *  h* 

i— 

h- 

Uj 

CM 

f  *  in 

«. 

a 

II 

0X0 

a-  3 

Uj  II  <3  d 

<3XfO«f«l 

<X  <  Of  < 

«0C 

<t  «a 

a 

II 

0  •  ro 

O 

* 

a 

Z  X  0  «J 

utLji«r  x 

X  -S'  e  X  X 

X  X  UI  3. 

X 

2  X 

3 

M 

O 

11  •*  11 

C' 

f 

3 

M  3  Z  M 

or< 

H  X  O'  K 

a  *  tn  0:  at 

Of  X  ro  X 

O' 

or.  o: 

Ui 

U 

UI  M  II  O 

X 

CJ  x 

O  Z  M  X 

•tlTOUO-OO 

0  *  u.  a  0 

0  0X0 

0 

0  0 

H 

UI 

X 

WHa 

< 

II 

u 

x  11  11  x 

0.  0  a: 

li.li.ti. 

u.  in  *>  u  u 

u.  U  0  U 

u 

u  u 

U 

O 

u  x  a  x 

3 

0 

co  z  cn  m 

0  0 

0 

O 

O  O 

O  H  fO 

j-  in  to 

f- 

co  cr» 

ri  0 

O  O  O 

0  w  0 

C3 

cj  ov 

0  0.0 

0  0  0  0  0 

r<  N 

eo  «c  00 

CO  CO  CO 

co 

co  on 

0  u  u 

0  0  C'  0  0 

0-0  0 

0  0  u  0  0 

uuo  ooooo 


GE/EE/72fl5 


10 

Ul 


cu 

<x 

Wh 

a. 

d 

> 


IU 

lO 

«*• 

CD 

u. 

o 

CO 

,'3 


3 

a 

ii 

M 

Z 

o 

J- 

z 

tu 

o 

z 

Ul 


O  V> 

1“ 

tl. 

<t  z 

Ul 

Ul 

a  o 

X  VI 

o 

M 

*-  >- 

: 

a  m 

•*  d 

i 

CO 

i-  d 

•h  <y 

H 

ui  o; 

z 

>■  3 

•<  <t 

• 

d 

<1  CJ 

a 

M 

a  _i 

M  10 

' 

co 

a  <t 

x  u< 

\ 

z 

d  Cl 

U  N 

o 

*  M 

* 

o 

Ll  or 

O  _l 

O  O 

<  d 

• 

13 

U. 

1-  H 

o 

Z 

M 

.UJ  M 

.  II 

M 

Z  Ul 

X  M 

1  «•> 

Z 

e>  -j 

H  Ul  Z  . 

M 

M  13 

*«  O  M 

1  w 

d 

UifZ 

cn  in  a 

UI 

X 

I  «x 

•»  •>  1  o 

•H  CO 

UJ 

JW  .  in 

CP  #**d 

X 

U  1- 

*>  Cl  CM  •> 

•  X 

o  a 

2  lf\  O  M 

H  o  a. 

(O 

<r 

**  t»  N.  •  II  * 

II  *>d 

UJ 

C  H 

o  ro  o  m  o 

M  *  II 

M 

M  V) 

oa  X  II  |i 

o 

a 

«t 

l-  II 

h  in  o  o  T-t  ^ 

ii 

CM  W  M 

3 

C  <3 

■r»  3  Cl  O  H 

*■* 

o  II  ** 

3 

a  H 

O  Z  O  «NV 

H  N  «  12 

O 

II  Ul 

d  ~  ct  r.  o 

W 

M  «t 

3 

■H  X 

Ul  U.  X  3  O  ft.  a  O  «  £ 

d 

Ui  h- 

o;  m  m  io  a  < 

z  a  d  d 

a 

CM  M 

ri 

CM 

U.UOD  U  U  O  o 

O 

o  o  a  o 

t?  o  o 

cm  u  a  a  in 

NOOU 

o  o  o 

o  o  o 

o  o  o 

o  u  o 

uuu 

QUO 

a 

o 


o 

K 

■>- 

d 

b: 

a: 

«x 


Ul 

C/) 

«c 

to 


w 

* 

* 

UJ  II 
II  M 
Ui  T. 


Ul 


*■» 

2. 

a. 

M 

O 

•V 

a 

a: 

o 

, 

* 

u. 

UJ 

• 

Q: 

CM 

X 

U 

ro 

M 

to 

D  « 

to 

e. 

d  V 

Z 

to 

• 

a  3 

UJ 

3 

CM 

\  * 

3 

M 

s 

X  d 

. 

C9  X 

O 

M 

m  a  • 

O 

O  w 

d 

U. 

Xiao  to 

0: 

o  u 

O' 

♦ 

a  x  o  3 

d 

M  * 

•> 

z  a 

1  d  o  M 

•>  X 

3 

S  <! 

•  3  H  O 

CO 

■H  + 

» 

01  cv 

cm  »  s.  <r 

UJ 

M  O 

o 

*  * 

v  z  to  a. 

h* 

M  CC 

o 

Z  M  O  M  II  3  * 

d 

• 

d 

00 

IIQ.MQ.COM  «  • 

3 

O 

C3  H- 

II  X 

II  3  Q  CM  o 

3 

II 

n  ll  X 

t— 

M  o  a 

<H  M  d  S  o 

O 

O  M  O  + 

z 

***  M  II 

H  O  K  X  N 

3 

0£ 

01  X  H 

a.  x  x 

X  d  ||  II  || 

d 

d 

O  <C  II 

ct 

Z  Q  Q. 

0.  X  X  X  « 

O 

D  f-  X 

a 

c  a  o 
u  u  a 
o  O 
u  o  o 


o 


59 


PPINT  8d3*,TM£TA0,FHIP 
PRINT  999 


GS/EE/72-15 


■w 

>- 

• 

<1 

4M 

a. 

IS 

V' 

< 

CD 

• 

, 

3 

CM 

. 

CO 

*» 

* 

;  ( 

X 

(0 

u 

3 

' 

H 

kJ; 

,o 

it 

0£ 

» 

M 

* 

* 

• ' 

,  * 

lO 

CM 

f- 

■* 

Z 

* 

UJ 

UI 

#*> 

X 

* 

UJ 

UJ 

• 

V 

_J 

*T 

u> 

a* 

„ 

•T  CM 

a  * 

u. 

UJ 

* 

CM  * 

o 

1 

►  X 

• 

in  i 

IS 

rC 

CJ  CM 

UJ 

**♦ 

CM* 

CO 

X 

* 

« 

ft 

* 

X 

UJ 

• 

CM 

IT' 

CO 

3 

X 

CM 

l 

it 

CJ 

3 

S 

r- 

* 

3 

CM 

t-H 

■a 

* 

•3- 

o 

X 

X 

to 

Z 

«X 

CM 

• 

c 

a. 

a 

Ui 

UJ 

o 

*■* 

CM 

a: 

3 

* 

V- 

UJ 

CD 

O 

H 

»■» 

X 

*3. 

o 

«t 

X 

X 

a 

> 

ft* 

«r 

t**» 

w 

Cl 

3 

H 

«S 

• 

i 

CM 

X 

a 

>" 

CO 

h 

3 

u 

3 

O' 

• 

1 

u. 

X 

© 

CE 

O 

UJ 

O 

a. 

w 

«c 

ro 

** 

CM 

* 

w 

X 

o 

CJ 

X 

3 

1- 

a 

CM 

3 

CM 

!X 

o 

<t 

CO 

* 

H* 

«J 

'X 

a: 

ra 

ft 

1 

1 

X 

O' 

3 

*t 

* 

O 

K> 

a 

X 

o 

E 

et 

CD 

1 

X 

• 

O 

10 

< 

X 

E 

3 

A 

a 

a 

X 

+ 

(_) 

1 

CM 

•* 

1 

ZJ 

i 

3 

X- 

CM 

t— * 

1 

X 

CD 

e 

3 

X 

a 

a. 

w» 

V 

▼4  « 

UJi 

m 

V 

•> 

a 

X 

X 

X 

to 

► 

w» 

a. 

CM 

ct 

in 

ui 

3> 

3 

X 

Q. 

o 

z 

X 

w- 

•«a 

o 

3 

a 

<T 

X 

z 

a 

Ps 

<o 

M 

* 

Z 

cr 

i 

w 

a 

3 

3 

II 

O' 

X 

3 

■a 

UJ 

«0 

CM 

u 

a 

to 

M 

* 

CM 

u. 

z 

* 

V 

M 

3 

CO 

l~ 

X 

K 

o 

OS! 

<. 

3 

Q. 

CM 

X 

z< 

4 

<-*> 

** 

• 

W 

,  it 

l/l 

1 

<t 

a 

UJ 

3 

CO 

X 

<< 

{£ 

H 

II 

11 

3 

X 

II 

X 

X 

X 

CM 

II 

o 

1 

3 

3 

CM 

3 

X 

4. 

c- 

* 

O 

1 

w-. 

.3 

3 

X 

1 

X 

in 

X 

O 

a' 

II 

+ 

z 

X 

X 

X 

3 

a. 

Z 

• 

X 

X 

X 

a. 

X 

Z 

CM 

X 

3 

X 

X 

X 

«S 

«s 

1 

X 

O 

M 

II 

X, 

O 

O 

z 

II 

CM 

CM 

X 

X 

X 

z 

X 

II 

a 

X 

4 

3 

w 

4 

<x 

h- 

X 

X 

X 

3 

X 

h 

3 

X 

II 

2 

.‘X 

«s; 

X 

II 

“  ««*  II 

w 

w 

‘W 

w 

S-# 

X 

z 

w* 

X 

6 

>- 

X 

w» 

a. 

II 

II 

X 

II 

z 

*x 

< 

w 

X 

3 

X 

II  ih«  CM 

tv 

X 

u 

U. 

X 

3 

it 

II 

II 

O 

a 

li 

3 

U 

3 

3 

CM 

II 

X 

O 

o 

X 

s: 

a 

Z 

x 

X  UI  X 

X 

z 

H 

M 

z 

Z 

X 

X 

>- 

Cl 

< 

>- 

to 

M 

< 

X 

X 

X 

X 

e 

o 

r 

i: 

c 


ro 

N 

cr«  ri  o 

in 

in 

ouou 

o 

O 

3 

O 

CJ 

o  u  a  o 
o  a  u  u 

O  3  o  o 

CM 

CM 

CM  iM  CM 

3 

CM 

CM 

60 


GE/EE/72-15 


1 

t 

> 

•  1 

t 

Ok 

i 

a; 

» 

*  * 

«L 

; 

a> 

i  * 

3 

V) 

• 

to 

> 

iLi 

; 

UJ 

X 

u 

Cfc 

O 

O' 

o 

<L 

a 

IU 

i 

UJ 

a 

CD 

• 

X 

3 

X 

o 

to 

ii 

a 

u. 

X 

h 

o 

UJ 

i/i 

<d 

X 

X 

UJ 

Y~ 

u 

H 

X 

OC 

H* 

o 

O 

3 

or 

u. 

at 

li. 

M 

a 

or 

Q 

3 

H* 

3 

li¬ 

X 

Ul 

ne 

o 

M 

U. 

o 

lL 

CO 

* 

o 

VI 

III 

3 

Ul 

H 

UJ 

H 

M- 

< 

3 

a 

X 

3 

3 

CD  CJ  «x  r* 

3  Z 

o 

•at  <a  a  o 

CO  ‘ 

X  C»  V 

3 

or  a;  <t  <r 

X 

«X  3  «•* 

<r 

sx  o:  a 

3 

X  A  A  <t  H 

<_> 

CT. 

O  O  V  v 

lO 

IT  a  a  rl  rl  O  1 

> 

•v,  ct  <t  a«  a*  ^  <t  if.  • 

a<  «X  <  «t  Z  M 

CL 

•> 

H  H  H  O  O  H  H  •  •  CJ 

a 

3  X  X  H  H  X  a  — 

o 

3 

UU'I  Ul  H  H  UJ  IJ  a  <\J  N. 

o 

ii  a  a  uj  ui  o  3  » 

o 

II 

XXXXXXX  *>*W 

o 

X33XX  O  II  H 

3 

X 

h  h  h  a.  a  h  i- i/l  •  h  a. 

3 

r<<HHA  3  Ha 

O  Q,  It 

w  W  w  W  32  * 

o 

a 

0  2  1/12  (/.  (/)  Z  H  «*•  II  3 

c< 

oZVJZCOX  a  o  • 

o 

a 

•tMOMOOMO  •  II  <  < 

in 

Ul  H  O  H  O  w  CD  CD  CM 

LT 

J- 

hWOV'OUI/l'SOi'II- 

CJ 

cJtootooa  cj  cvjii 

uj  it  ii  ii  ii  ii  ii  a  ii  x  a  uj 

II  II  II  II  Z  H 

o 

O 

1  S  H  Ui  in  4-  J  II  n  w  J  I 

o 

O  n  rl  ft,  N  II  O  OX 

o 

Ohl/IOMOOWXNa<H 

a 

ocootooz  o  r,  a 

o  o  c 

o  o  o 

\  a  o 

o  o  o 

o  o  o 

3  0  0 

uuu 

o  o  o 

o  o  o 

coo 

o  o  o 

o  o  o 

M  H  M  H 
X  I  X  I 
a  a  u  a 

i  ‘i  i  i 

3  3  O  O 
M  M  M  M  M 
X  X  X  X  X 

a  a  o.  cl  a 

^  w  m  ^ 

(O  Z  V)  Z  C/l 
O  M  O  M  O 
UlflOMO 
II  II  II  II  |l 
M  vC  U/  cc  u 
o  to  o  to  o 


61 


PSI=-K*  f Z1*C7-RA0IUS*S7  +  X*S3*S7> 

OTST=SORT  (  (R*<?4*C5-X*r,3)  *,2+<R*St»*S5-XvS3)**24(R*C4-Zl)  **2> 
nET  fl  =  A  COS  (  (SiMR*S**C'i-X>  +  C1*  (R*CA-2  i )  ) /DIST) 


GE/EE/72-15 


( 


CV 


OJ 


M 


X 


• 

CM 

1 

V 

«•* 

. 

d 

H- 

* 

Ul 

5 

i 

OJ 

! 

w 

Z 

a 

M 

d 

CO 

X 

* 

* 

M 

7 

UJ 

UJ 

CL 

V 

_J 

*„ 

CD 

M3 

CM 

X 

z 

• 

♦ 

w 

*«• 

d 

T) 

a  I 

* 

d 

X. 

X 

W 

X 

w 

w» 

w 

o 

V 

u. 

I 

-J 

Ul 

UJ 

z 

#•> 

H 

CM 

d 

(/) 

u. 

d 

• 

.J 

* 

Ul 

d 

d 

CM 

UJ 

*■»  It 

DC 

X 

X 

o 

V 

* 

Ul  CO 

•» 

■  1 

X 

X 

-J 

Ul 

» 

d 

d 

UJ 

d 

wi 

-r  -M 

*-s 

•s 

•> 

M 

w 

1 — 

d  r 

*  O 

x 

u 

fO 

UJ 

X  ►* 

OJ  < 

W 

X 

X 

rl 

CJ 

CD 

x/x  *  o' 

d 

V-* 

X 

o 

fp 

w 

*>  * 

CD 

CD 

d 

d 

t  « 

z 

«»»  •  X  *•* 

CD 

d 

d 

r 

0. 

H 

'U<  CM 

1  H 

d 

X 

X 

CM 

CO 

CD  — 

*  It 

X 

d 

d 

CO 

o 

J- 

* 

z  v-.w  o 

w 

*s 

a 

d 

6 > 

M 

d  c 

*  in  -H 

** 

d 

a 

z 

*k 

Cl 

a. 

DC  Cl 

*  *> 

M 

2C 

w 

X 

3_ 

d 

w 

Ti 

CV) 

*  *- 

*■*  CD 

to  x 

»> 

W 

CM 

w 

w 

X 

X 

w 

a 

** 

vO  C/3 

a  x 

3  1 

X 

«CL 

z 

d 

d 

N 

o 

d 

• 

•  W  H 

^x< 

M  *- 

w 

w 

d 

♦» 

o 

1 

il<H 

CM 

HOW 

N  UJ  J 

a  cm 

CM 

CO  H* 

X 

X 

• 

o'  x  cr> 

a 

N 

w  *  x 

*■*  CJ  * 

«  z 

z 

X 

d 

X 

X 

X 

CM 

»» 

d 

Ok 

1 

H 

z  ^  » 

a  +  ~ 

a  « 

d 

d 

II 

d 

*> 

*> 

+ 

o 

CM 

* 

•H 

a  • 

M  •  ^  3C 

X«  rl 

w»  h- 

►- 

O 

X 

o 

N 

o 

d 

II 

o 

II 

"3 

1  OiHdH 

(/)  -H  •  * 

UJ  X  + 

d 

< 

II 

X 

* 

o 

o 

M 

■H  -> 

“3 

w  UJ 

<  II  (V) 

II  OJ 

II  1  H  iZ  U  ~  X 

J-  1 

II 

*** 

o 

(S- 

oo 

X 

X 

«— • 

•H 

CD  Z3 

H  O 

o 

O  *>  *>  II 

II  <  x 

X  II 

rH 

y 

u. 

w 

X 

CD 

CD  c-i 

X 

tH 

d  Z 

LiJ  <3  O  C.  O 

d  •  •  Ul  UJ  ||  *■* 

a  d 

d 

w 

CO 

X 

l~ 

X 

II 

ZD 

d  o 

d 

o 

3.  M 

CO  X  H 

U.  H  II  a  o  O 

CO  a 

CO  X 

J- 

cd  d 

X 

z 

CJ 

o 

o 

X  CO 

X 

d 

")  d  H- 

«"  h 

H 

H  w  v  2 

d  x  z 

II  X 

UJ 

d 

X 

II 

M 

z 

H 

X 

d 

d 

II  z 

L.  JO 

~J  O 

-i  ii  ii « 

X  -  II 

H  _J 

X 

X  X 

X 

a 

Z3 

X 

a 

II  o 

II 

o 

“3X0 

HlilU 

UIO  W  2  N  K 

X  <c  X 

N  < 

h- 

d  d 

X 

X 

X 

X 

H 

c  c 

o 

O  H  O 

^  0J 

eo 

CO  tH 

CJ 

o 

o 

o 

H 

CM  0) 

Cj 

C*J  OH 

cn 

u> 

a  a  o  u 

c> 

c 

CM  0J 

CM 

OJ  OJ 

CJ 

CM 

d  o  cj  a 

*s 

o  cj  o 
o  o  u 


» 


62 


THFTA=n.C 


PROGRAM  FOURdNPUT, OUTPUT, PUNCH) 
COMPLEX  RANGE, PHASE, A, W,Z 


/ 


f  ;■ r 


.1- 


I  * 


IX  * 

Z 

UJ 

H*  II 

lu 

* 

UJ  >. 

_J 

X  4 

#■* 

o 

• 

a 

N 

or 

*  tv 

— 

M 

•*< 

e» 

o 

CM 

'• 

• 

•  lu 

ro 

—ft 

UJ  O 

lu 

•ft 

* 

—ft 

lu 

u 

ft 

I 

• 

•ft  ►— 

» 

N 

* 

-ft  CM 

*  X 

•  •> 

O  » 

in  o 

ii 

♦  — ft 

o  * 

ro  h 

V  w 

«•  00 

lf>  X 

M  Ul 

•>x 

«Ji  M 

—  1 

a  x 

*  Q. 

•Si  *ft 

o  • 

<  * 

to  * 

■»  * 

or  cm 

IX  - 

Ul  *. 

*  t 

*a  * 

*  X 

UJ  X 

1 

•** 

•ft  ft? 

tv  iM 

>-  >• 

V) 

X  *• 

is.-  •> 

4  <4 

« 

a  o 

4  * 

UJ  a 

O'  cv 

co  M 

•ftW) 

o  • 

or  or 

in  O 

*  UI 

*  ro 

4  4 

«  4 

X  liJ 

•ft  lu 

U.  IX. 

h-  CV 

a  •« 

Z  Z 

y  *- 

O  O 

•  * 

M  M 

•ftN. 

y  ui 

to 

—s  —ft 

UJ  CJ 

U-.  II 

UJ  l/l 

rl  • 

•ft< 

k-  h- 

O'  CM 

Ul  u 

*  1- 

z  z 

w  * 

>  »ft 

UJ 

Ul  Ul 

UJ  » 

<  ro 

1-  X 

X  X 

in  x 

X  X 

-3  r-. 

Lu  — >  Ul 

c  * 

.  UJ 

I 

— J  *  J 

X  Ul 

ViJ'lU 

*  i 

iu  in  uj 

a  + 

ift- 

•ft  in 

H- 

<i  • 

a  \  » 

U\  UJ 

U.2U. 

*  CVJ  o 

• 

*  II 

•  r~ 

o  uj  u 

/*»  w 

•  U? 

•ft  w 

in  «c 

X 

*-i  * 

to 

U- 

Pi  X 

•H  z 

a  uj  tx 

o 

O'  X  u. 

r» 

M  U. 

u  w 

UJ  J  Ul  C? 

• 

—  1 

*  IT* 

•■  «■ 

•ft  CJ 

OQ  Ul  os  • 

F) 

e>  •  to 

• 

*  •> 

*  tv 

X  X  CD  lu 

<3  OJ 

• 

IP 

X 

o 

o  u.  o  u. 

CM 

X  * 

inniiftf 

X  o 

in  z  o  z  - 

•ft 

<1  » 

u 

u 

y  *> 

o  o 

U' 

uc 

•>t/l 

-  ro 

H  »  -ft 

}. 

•  a  nr  j  • 

• 

-30 

►  l)N* 

M  X 

X 

a  Ul  <J  in 

in 

O' 
V 
•ft  «t 

<cr 

o  z 

CD  O 
X  H 

Cl  </) 

.1  z 

UJ 

_j  x 

«t  H 
Lu  O 
O' 


•  -4 

a  LTV  • 

<nu) 
ft  n  u. 

»n 

H-  M  X 
■X  CM  *4 
n  w  w 

W(-h 
II  c  «t 
-*  r  x 
X  O'  or 
—  o  o 
u.  u.  u. 

13  O 

a  -a 


<  x  w  x  <j  o'  »  r 

a.  O  V)  d  UJ  •.  ^  T. 

(/!  4  X  OJ  <JJ  a  D 

*»oa**M*:: 

•ft  »*  ft  ft  f 


■H  -H  U. 
I  •  O 
•4  vf 

*-  u.  * 

h  ft  ft 

4Xh 
X  4  • 

a?  *.  in 
o  *  iu 
a.  m  » 
o  c 
o 
=> 
oo 


o 

X 


x  x  X 

H  rt  J 


h*  I—  I—  I—  D- 

<1  d  *4  <  &. 

X  X  X  X  UJ 

O'  0T  (X  O'  O 

O  O  O  O  X 

U.  Il  lu  lu  D 

o 

tim  j  in 
•3000 
OO  CO  OO  00 


V) 

a 

UJ 

v- 

V) 


to 


o  lu  iu 
r-  r>  t*> 
>*■»*•» 
*>th  r*i 
ir>  •  • 

T  vO  in 
rH  a.  u. 

WWW 

h-  H  H 
444 
XXX 

a-  or  o' 
o  o  o 
u.  lu  lu 

cD  N  00 
o  o  o  O 
a>  to  co  u 
o 
o 


• 

\  Ul  Ul 

•J^.-CV  CO 

1104 

Ul  Cl 

>•  z  o 

• 

<X  M  u. 

X 

tv  ft-  Z  CJ 

«\ 

K  1-4 

tv 

4H  in 

o 

Z  UJ  o 

o 

lU  M  UJ  M 

or 

O  O  h*  O  Ul 

UL 

U.  «3  d  Z 

ui  z  ar  o 

z 

I/I  O  H  J-4 

M 

4  JOOh 

cn  UJ  tv  1-  d 

a 

»-4  o  Lj 

Ul 

CJ  U.  O  >•  Z3 

Vi 

Z  O  d  O 

Z3  1 

—ft 

O  lu  CL  -J 

• 

o  o  x  cr  < 

UJ 

co 

tv  d  d  ftO 

cm 

Ctf  * 

d.  Z-lll 

Ul  * 

o  c-  u  rv 

o 

a:  i  — 

m  m  o  o 

r- 

lu  CJ  • 

H*  1-  Ui  lu 

\rl  O' 

w  y  w  tM- 

m 

•  *  * 

Z  Ul  l/>  d  X  U. 

H- 

-»  or  •  * 

0X0  U’  _J 

Z 

• 

-»  h  4  ro  • 

HUJUQ  J-4  o 

<1 

CP 

o  a.  *  «-  o 

1 —  ~J  H  lu  2 

1- 

♦ 

•  *  •  ftftft  ftH 

d  UJ  _l  X  X  d 

(O 

♦ 

•H  •r>o*- 

J  d  Q. 

z 

• 

wOlr(W\ 

O  u.  1-  iLh 

o 

c* 

Z  ft-  *  01  o 

o  o  z  o  o  or 

o 

t/J 

UJ 

z 

H 

lu 

UJ 

a 


4 
* 

O  • 

II  4- 
II 

0T  V>  H 
lu  CL  D. 


CM 

II 

O 

UJ 


UJ 

(X 

lu 

II 

a 

UJ 


x  <\J  0T 
«t  II  u. 
j  y  o 


<  i  r 
a  uj 
co 
x  s: 

w  X) 

o  z 

Ul  II 

ao  z 


Z  <3 
4  0  1- 


14 

II 

c. 

I- 

UJ 

X 


u  o 
a  o 
o  u 
o  o 


UOUOUl'  O  O 

oooooooo 

00000000 

oooooooo 


64 


2o2  READ  10G,N,L,3,THETA0,FHIF,E1,TKETA 
IF<Nj503, 503,502 


GE/E  E/72-15 


• 

*  "  M  I  , 

> 

• 

* 

; 

1 

1 

J 

• 

i 

1 

f 

♦ 

J 

. 

1/1 

i 

Ul 

-J 

* 

co 

• 

, 

d 

«  ■ 

M 

» 

01, 

“ 

• 

d 

,  • 

/ 

> 

• 

• 

H- 

1 

3 

CL 

CL 

2 

© 

H 

2 

1 

H 

Z 

1 

:  i 

O 

o 

1 

h 

►- 

>- 

z. 

•  ' 

d 

UJ 

« 

* 

UL 

Cl 

» 

1 

IK 

• 

z 

' 

d 

\ 

UJ 

a 

U. 

UJ 

o 

in 

o 

>- 

UJ 

. 

d 

tn 

.  in 

H 

K 

H 

d 

UJ 

O' 

z 

CO 

•* 

C 

d 

X 

t- 

JL* 

0. 

in 

in 

M 

o 

•» 

iLt 

z 

CL 

a 

O  X 

N 

o 

* 

u. 

UJ  CL 

M 

o 

• 

CL  > 

w 

X 

u.  cl  a 

d 

•  U> 

1 

to 

i— 

O  1-1  d 

H 

c)  Z 

o  — 

o 

•>X  J- 

II  w 

a  v 

z 

IOO.UJ 

M 

»*>  z 

t 

a  _i 

Ul 

©  *>  X 

W  M 

CVJ 

v  » 

_J 

k  1  O  H* 

M 

—  d 

V 

o  d 

ox  a  d  *■ 

o 

Uf  a: 

M 

H  C  • 

u 

,  O  «■*  d  H-  Z 

1 

O 

*•<  in  ui 

CL 

I  cd  o  in 

a' 

O  lL  or  ll!  •> 

in 

<r  a 

+ 

CL  X  o  3 

d 

H  *  »*  X  H 

IM 

h 

•  X 

z 

a  i  d  o  m 

-X  _J  >—  U‘ 

in 

H 

•h  o  a.  in 

s 

d  •  J  rl  Q 

in 

rl  +  r  *s  r 

N  • 

II  • 

II  •*  d  UJ 

CQ 

a:  (\J  *  V  d 

UJ 

no  on  cr 

o 

MO 

W  •  II  J- 

* 

*  v.  z  cn  ul 

K 

M  QL  O  O  10 

X  II 

!l  o 

o  r«.  d 

CVJ 

Z  M 

OH  II  D  * 

d 

•  d  33  0,5  «J 

o  a  —  ii 

CJ  «  M  _J 

* 

II  CL 

h  l  in  h  •  • 

-J 

ooh 

3  a: 

O  M  -v 

O  II  CD 

* 

II 

x  ii  o  a  w  o 

D 

II  rl  II  I  I-  H  X 

O  <  S  >«  (h 

N.  -n  O  O 

rlrtHO 

CL  rl  H  <  SU 

O 

O  H  O  +  2  Z  O 

q:  x 

a  — 

M  d  _J 

Ul 

II  ^  H 

II  H  a  CL  I  w 

_l 

0 i  KXhhh 

x  3  oc^a  o«  s;  < 

II 

■HQ.:' 

X  X  d  Cl  II  II 

d 

d  O  d  ||  CL  CL  © 

H  IflOttZ 

add  o 

UJ  X  Z  Cu 

a  cu'  i  x  cl 

o 

HCHXO.a  (L 

OJ 

H 

OJ 

o 

o  o  o  O 

to 

e»  c  O  o 

o  a  o 

«ri 

uuutn 

NUDO 

f 

> 

u  a  o 

H 

o  o  o 

coo 

o  u  u 

o  o  o 

o  o  o 

o  o  o 

• 

• 

y 

65 


GE/EE/72-15 


• 

•H 

.1 

■  { 

i 

. 

w 

‘ 

4 

4 

l 

• 

1 

\ 

* 

< 

CVJ 

.  .  i 

* 

O' 

i 

%  ! 

i 

a 

J 

«s 

. 

,  i 

t 

t  ‘ 

* 

m 

• 

, 

,  ! 

if 

CVJ 

> 

CO 

* 

* 

1 

4~ 

#  f 

> 

X 

to 

i 

o 

z 

> 

* 

«* 

M 

» 

IU 

a 

to 

< 

Ul 

z 

tr. 

Ul 

w 

* 

t 

CY 

• 

, 

. 

O 

V) 

CVJ 

1 

Ul 

H 

* 

■ 

O 

z 

* 

. 

) 

Ul 

UJ 

**«* 

Z. 

X 

* 

UJ 

:i 

UJ 

• 

s, 

«a 

-I 

-T 

• 

j- 

UJ 

+ 

<3-  CVJ 

UJ 

«"* 

O  4- 

X 

x 

UJ 

* 

<M  4 

J- 

o 

5 

►  X 

• 

uv  1 

X 

u: 

■H 

C3  CVJ 

o 

UJ 

«■» 

CVJ  4 

• 

X 

ci  z 

* 

* 

r  uj 

• 

CVJ 

UV  CO 

a 

Z  X 

CVJ! 

•» 

oz  ^ 

-> 

Z  *- 

4 

Ti 

.■  IVJ  Hd 

UJ 

4 

4 

^  O  X 

M 

00  z 

<t 

cvj 

•  CO. 

X 

UJ  UJ 

a 

#» 

*•* 

CVJ  Ul  _l 

h-  UJ 

to 

o 

M 

'•*».  **  <a 

to 

<  3 

z 

jr 

n. 

>“ 

<s  ^  *-» 

Ul 

Z  J~ 

«t 

CVJ/ 

CP  r« 

if 

£  O  l-  C/  i 

J~ 

Z  Ul 

_J 

• 

Ll 

x  cl  a:  o 

c 

U  CJ 

w 

cj  -A 

CVJ 

* 

*-  j:  cj  o 

~i 

-J 

J- 

CJ 

CVJ/tH  cvj 

w 

X 

o  «a  to  4 

z 

<t  X 

(Y 

CO 

J  1 

V 

+ 

or  _i  ♦>  »-> 

o 

O  J— 

a 

3-  ^ 

'n  3.  *-> 

<t 

CD  **> 

«t  1  x  • 

~3 

e> 

CO 

*3.  3’ 

-JT,  X  vH 

a 

O  X 

+  a  i  cvj 

d 

i  rz 

i 

-j  t: 

CVJ  ~  1 

j: 

cr. 

• 

H  X 

O  0'  *-  X 

o 

iu 

to 

\  ■*> 

*>  0.  X 

Z  S  CT 

*  w 

X  «T  CVJ  < 

uV,.iJ 

x.a 

o  Z  X 

S— • 

<3 

-n 

H  O 

c  z  z  a 

X 

M 

*  z 

J-  «  ^ 

0. 

_l 

T-J 

M  0' 

z  z  <  a- 

o 

cj  \u 

n 

V)  M'4 

cvj  —  a.  z  * 

V 

W  <t 

Z  to  J-  X 

N- 

o 

Z.'d  M 

~  z  z 

+ 

•  MU 

co  i  <  <r 

O 

uj 

H 

z 

x  < 

a 

M/  II  II 

•H  X  || 

X  X 

X 

(\J 

IIU  IJ 

-H  CO 

z  z 

+ 

e 

* 

( 

( 

0 

i  ~  *•* 

z 

3; 

1 

x  irv  x 

OKII'' 

+ 

r.  v 

T. 

■. » 

z  •  *u  z  x  z  x  s: 

ii  cm  N  x'z  x  x  z  x 

x  n  —  ii  w  w.  ~  w.  w. 

z  x  ii  «.  cvj  a  o.  u.  x  a 

z  x  x  ,ui  x  z  z  w  h  z 

'O 


Z  *-  CM 
II  X  X 
X  Z  *- 
Z  II  II 

z  x  x 


XriEio:ti<  i  r  o  h  ii  r. 

+  H'-+<HXXX*-IXJ-I-X  II 

x  u  >•  r  -  a  ii  ii  x  ii  z<< 

IIOXllZX.JHC\JtlXOOXZ 

>-o<t>-(OM«ixxxxe>oxx 


o  o  o  o 
o  o  o  a 
o  o  o  o 
oyuu 


CO 

X 

to  H  a 

uv 

4- 

UV 

o  . 

o 

ro  z-  J- 

w 

o 

a  o  c- 

CVJ 

CVJ 

CVJ  CVJ  CVJ 

■H 

CVJ 

CVJ 

o  o  o 

o  o  o 

u  o  CJ 


THETAQ=THETA 
S7=SIM ( THETAO /RAO ) 
C7=C0S (THETA O/R AO) 
S5=SIN  (PHI  0) 


GE/EE/72-15 


! 


< 

u: 

u: 

«* 

cn 

co 

x 

o 

«4 

HI 

X 

o 

CK 

li. 


z 

o 

M 


3 

CU 


H 

X 


Z 

o 

o 


t 

V 

i 

i 


> 

i 

i 


\ 

i 


i 


>* 

«3 

OL 

OH 

«c 

CD 

=> 

to 

x 

•  o 

■  w 

o 

X 

u. 

a 

-j 

UJ 

H 

X 


CM 

» 

* 

N 

I 

•4 

O 

* 

<x 

■f 

.  CVJ  « 
'  *  H- 
X-  V) 
H 

no 

CO  v 

x 

« 

I  c-1 
U\  M 

to  i 
*  -r 
•r  a 
—  co  x 
r-  *  a 
co  x  ~ 
>»  —’  * 
IO  +  <ri 
CO  CM  CJ 
X  X  + 
XX  « 
4-  ^  X 

h.  n  i 


O 

to 

to- 

c 

a' 

-J 

til 

* 

* 

O 

UJ 

t- 

to 

X 

H 

<4 

o 

1 

•4 

ri 

X 

-J 

M 

in 

l/' 

r» 

r*s 

o 

z 

O 

CJ 

CVJ 

o 

o 

CO 

X 

o 

V 

r** 

ct 

» 

•r 

<1 

<r 

• 

X 

«4 

J 

<■** 

M 

»-* 

M 

w 

X 

j- 

v-' 

oo 

a 

x 

U 

X 

r* 

«4 

•H 

X 

X 

r 

X 

1 

CO 

* 

a 

V 

N 

CO 

X 

#"S 

#*S 

rl 

rl 

o 

■1 

X 

X 

X 

X 

» 

rl 

CVJ 

<4 

< 

• 

•> 

«4 

d 

«4 

«t 

z 

M 

1 

1 

i 

1 

o 

X' 

Cl 

♦ 

o 

H 

►— 

• 

• 

CM 

X 

X 

X 

>-* 

H- 

X 

*» 

•H 

r' 

CJ 

o 

* 

** 

M 

til 

Ul 

O 

PJ 

\ 

o 

II 

X 

X 

•u 

Ul 

o 

rl 

* 

M 

M 

1“ 

M 

HI 

H 

w 

to 

X 

X 

X 

► 

V 

M 

a 

X 

.J 

-J 

X 

X 

o 

II 

M 

X 

X 

X 

X 

X 

X 

Nl 

H- 

to 

M 

a 

y~ 

V- 

«0 

• 

M 

X 

-J 

n 

*4 

<s 

H* 

I- 

_J 

M 

X 

X 

X 

X 

X 

X 

X 

IV 

o 

w 

o 

o 

a 

II 

w 

w 

w* 

X 

* 

w 

w 

w 

# 

C 

'J 

<T 

(/• 

CO 

z 

M 

n 

H 

o 

a 

X 

CO 

X 

to 

X 

o 

O 

• 

z 

to 

z 

00 

z 

tc 

X 

to 

c. 

o 

o 

M 

o 

• 

II 

<t 

<t 

in 

in 

M 

o 

H 

o 

o 

O 

CM 

H 

o 

M 

o 

M 

o 

1 

II 

II 

UJ 

o 

a 

CO 

«4 

O 

X 

H 

CM 

CM 

CO 

o 

CO 

a 

X 

CM 

CM 

II 

to 

o 

to 

CJ 

to 

o 

II 

1- 

<x 

a 

ii 

ii 

II 

x 

II 

X 

X 

UJ 

II 

II 

II 

II 

rr 

M 

II 

II 

II 

II 

II 

II 

M 

V 

H 

Nal* 

in 

•j 

II 

_l 

X 

o 

o 

rl 

rl 

CM 

CM 

tr 

O 

C 

X 

to 

M 

CO 

vD 

(C 

CO 

to 

M 

ai 

U' 

o 

o 

to 

X 

Nf 

«t 

h 

o 

o 

to 

o 

CO 

O 

z 

a 

o 

X 

to 

a 

to 

O 

to 

O 

X 

a 

CD 

M 

i 


o  o  o 

O  CJ  o 

o  o  o 
o  o  o 


o  o  C! 
o  o  o 
u  o  u 
uuu 


67 


GE/EE/72-15 


\  . 


•  l 


CM 

» 

•  1 

S 

. . 

a 

* 

i 

< 

H- 

* 

■  ■  i 

Uj 

t 

cn 

„ 

w 

, 

2 

a 

M 

< 

*  1 

CO 

«-»  a 

•  1 

• 

.* 

M 

UJ  #v 

Ul  ■ 

U. 

s  ^ 

0 

* 

0 

\ 

vu 

CM  X. 

z 

• 

*  «- 

d 

M 

CJ  *  <1 

x  x 

, 

w 

C  X  « 

0 

X 

U.  I  -J 

UJ  UJ 

z 

J~  CM  d 

to  to 

:  ** 

• 

— 1  >1  UJ 

Cl  «S 

1 

1 

*  # 

• 

CM 

UJ  ~  *  O' 

TC  X 

1 0 

N. 

*  Ul,lO  •» 

(X  a 

1  _l 

<« 

UJ  »  D 

d  <t 

1  UJ 

<C 

(OHM 

•>  •> 

M 

CM 

H* 

<t  ~  •  a  z; 

a 

TO 

UJ 

I  H  (\l  <  v. 

X  X 

r« 

cm 

a 

U.  CL  >V  DC  d 

Vi#  V# 

X 

O 

A 

w 

*  *  *  ^ 

0  0 

J 

CM 

2 

*■*  •  x  *-*  o 

<t  <1 

X 

*s 

10 

M 

UJ  CM  |  J-  d 

X  X 

CM 

CVJ 

to 

O  ~  •  Q.  2: 

«a  <t 

to 

CJ 

*. 

* 

Z  M>J  O  «  H 

•>  fN 

0 

«T 

O' 

M 

d'd  *  to  H  »»  d 

«■*  0 

2r. 

#.  ,-N  d 

.o 

a. 

a  a  *  *>  ,ts  X 

X  X  d 

M 

-> 

H  H  H 

CVJ 

*  H- 

W  OW  X  CM 

V#  W  Q# 

U. 

O  1  UJ  X 

U>  C/1 

a  x  x  1  x  d  2 

<  <  \ 

0 

j-  *0  X  d 

• 

•  MM 

«X<3 

•*  »•  H 

i  1 

H  <3  *-< 

^  “>  M  X 

•  CVJ 

h  a  to 

NUJJDNNWI- 

XX  • 

O'  2  O' 

C  -  X 

V 

**  *  a 

O  *  d  Z  Z  CP  d  C.' 

u  a  0 

CM 

rv  ex 

1  H-  O  *> 

M 

2  #—  if 

Q.  +  ^  K  <  <J  <  II  d 

•<  *»  .y 

O 

W  •'H 

#*  C  •  H 

a  • 

M  •  H  M  •  *•»  y 

X'-nH'-'J—  H-0*^ac-'S.O 

Jf 

~  II  C  II 

~3  0  m  in  11 

1  o 

W  rl  •!  W'  H  •  * 

ui  x  +  ~  d  d  11  x  * 

O  O  M 

V#  1:1  _J  CJ  05  M 

<  li 

N  II  N  111  rOC  U  ^  t  1-  1  II  «“OMOI 

X 

V#  M 

0  0  a  00  co 

y-  O 

O  O  *«  *»  II 

II  C  V  CC  II  rl  r  k.  H 

a 

0 

O  O  X  H 

<x  n  :j 

UJ  «a  a  «  O  <  •  »  uj 

ail'-'Odd'-’lOXH-Xtl 

X 

el  f  J  <  0 

X  H  l  H  H  J 

CQU.HrU.f-U.OCJO 

toHatoxi-Oda 

X  0  0 

0 

3  ns  4 

*1  <  h  h  r  Z  O' 

—  V- 

H-  H-  **  w  Z 

<  r  z  11  a  ui  «t  i  11 

H  Z  M 

a 

d  <t 

II  *-#  Z  Ui  M  M 

a  j  o  «i  o  -j  »  ii  «ti«  it  Ti  jisai 

a  =>  x 

X 

11  0  11  0  “)  a  c  x  a  d.  0 

M  iu 

ouju>uj:xNjaa<xN<cH-<<aaaa 

f— 

oocotmoh-q  a  0 

M  CM 

«  CT«  M 

0  0 

0 

C3 

H  CM 

r*i  to 

O  OH 

0  uv 

0  c  O  O 

O 

C5  C.- 

CM  CM 

CM  CM  CM 

CM  CM 

•ru  0  0 

f«> 

<r  j- 

coo 

* 

coo 

•  i 


M 

w 

CL 

2 


•3* 

O 

CO 


M 


0. 

a 


c* 

o 

cn 


68 


GE/EE/72-15 


( 


s> 


ex  r 
r.  r> 
r  z 


*X)  «VJ 
O  GO 
»  CO  CM 


h  h 
2  2 
MM 
£2  O' 

a  a. 


GO  TO 
503  STOP 
END 


GE/EE/72-15 


O  * 

VT>  X 

I 

o  • 

CU  CO 
<  *■ 

K  *  ^ 

~  <o  x  * 

o  o  ^  * 

O  M  •*{'> 

U\  O  *  W 

Wd  XU) 

u.  U-  mo: 

5  v-  o  o 

Z  ID 

, -  Ui  c- 

T<  • 

O'  M  U!  * 

%^  *  >  •> 

1U  »  «  w 

OX  X  • 

d  »  o 

I  U)  'D  U. 

0-  +  C  ?  S 

d  o  ^  o  N-  * 

►  NO  •  *  II 

^  *  •  U)  *M 

-h  *  »*  u.  to  x 

O'  X  u.  •'MX 

W  |  *.  If.  •>  » 

CO  •  M  •  *  £ 

d  CJ  •  u  x 

5;  *  Ifv  Tl  o  -J 

rt  *  U.  U.  X  *' 
•>(/)  »tOH* 
~  O  m  *0  N 
MM  •  M  <d  X 
O'  O  U'  •  c-  CO 

v;  w»  *?  -u.  'f' 

►  <lornti.l  * 

»>  *  •>  *■  • 

n  2  w  IT  rj  '0 

CT  O  M  M  X  X  • 

X  M  U  CO  M  M  d 


CJ 

•  u. 

• 

ro 

* 

Ul  0 

u. 

#» 

* 

u. 

►<  h- 

•*> 

* 

V 

*  X 
to  0 

II 

♦c 

X  M 

V  M 

CO 

W  U) 

►  X 

w 

O  X 

*  a 

**T 

9» 

d  * 

to  * 

+ 

Ik  ►> 

Ul  •* 

1 

1 

*  x 

Ul  x 

N 
D  •■ 
0-  X 
M  * 
X)  <t 
o  *• 

•>  U-' 

h-  to 

ZD  o 

a  x 
z  a 

M  •> 
Ul 

x  o 

<1  z 

Ui  <t 

ao  a- 


01  co 
o  •> 
uo  a 

Q  * 

*  to 

*>u. 

co  *• 

•J* 

12 11  w  {«•  ! 

*.«  M  M 

i  H  Z  Z 

HI  111  u 

c.  1  X  X 

d  £•  uj  ~  uj 

7  -)*  -1 

*  1  Ul  V)  ui 

ID  UO  U-  Z  U 

.  r-  OU1U 

ID  d  X  '' 

^  z  a  ID  or  £  O 

U.  M  UO  -1  ID  o  . 

-a  0  Ul  g  *w 

*  rv  X  X  v£l  u. 

0«DU.3U.W 

XOWvZOZ  *  " 

3  a  m  co  in 

_  -r-  *  *»  or  -J  •  * 

*  Hrx*w^^ 

1/1  d  ID  *  it  X  O  U.  U- 

drtnvD'i^MiO'O 

£**H*z**r 

►  •  •  •  A  •  M  N 

OXXX  XXX  voin 

0  SSm  m  d  m  u.  u. 

w  WW—  w  ~ 

V  *MMMH*I-Mh- 

,  fO  <  <t  «.  «*  « ^  *  ? 

•  «  *T  31  3l  5IIU2-2-2- 
►  tnc^cco'ct-cogaK 

U.OOOO0-ppO 

1  •>  U.  u.  u.  U.XU  u  U. 

* 0  ^  to  d  in  vdc-«> 
©  0  o  a  000 
eo  83  oo  00  03  tc  co 


<i  (/)  c*  w  ^  u* 

j  z  l/>  V-  M  V-  * 

UJ  H  d  4  <t  X 

,  r  *  S  H  X  J' 
d  M  X  O'  a  " 
m  o  ^  o  u  ci  * 

O'  U.  U.  U.  U.  tO 

oOO 
000 
vl  N  ® 


CO 

o  * 

u<  * 

0J  • 

U.  O  • 
Sri  O' 

•  *  # 
^C0«* 
^  H  *  * 

OX*'"0 
•  *  »  V  M 

^  «oa  — 

w  N  rUJ  S 

2> :  w  *  0:  a 
d  x  •  u-  u» 

y_  «  n>  *  o' 

d  O  II  HU. 

•  *  vD  <  X  II 

cj  *  C/  O  *  GS 
1  11  d  11  co  •  u) 

1  H  H  C“  5  ^  S' 

1  |/>  H  <1  «■  H  li- 
,aao'j!<:i3 


V) 

a 

UJ 

H 

V) 

to  * 

Z  UJ 

s.  ui  ui 

H  CE  (/) 
0.15*1 
UJ  X 
V  Z  o 
d  M  U. 
Ct'-'UO 
a  m 
d  m  tn 
z  i/i  r> 

Ilhuik 
OCH  O'  V) 
o.  d  d  Z 
u)  z  x  o 
to  a  M  M 

d_JQOM 
B)  UJ  01  H  ^ 

M  C  -J 

□  u.  u  >■  3 

z  O  d  C3 
3  lL_  OtJ  -J 
O  O  X  p  f 

0£  *3.  <a  ID 

d  Z  W  ^ 

o  O'  u. 

WH  00 
V-  l-  aJ  U. 
OOZMOCl- 
Z  UJ  in  <1  x  UJ 

oxo  o  -* 

H  ID  OL  U-  M  O 

c.  3  M  IU  Z 
rtiujii." 

_l  d  0- 

3U.M  U  V- 

0  0X000. 

J  Ul  z  <* 

d  o:  x  «i  o  m 

o  ID  UJ  M  to 

ci  a:  cs  v-  11 

rro«t‘i‘I 
mozmom 

O  2  H  UI  II  Ul 
U>  II  W  X  rl li 
mzcnv-uu- 

ot'oooc  P; 

(j  u  O  O  o  o  D 

Ot'OO  C.‘  p  u 

o  O  o  O  o  o 


70 


G  E/E  E/72- 15 


< 

H 

Ul 

X 

to 

K- 

>- 

* 

cl 

■H 

tt! 

UJ 

CC 

•> 

Cl 

o. 

K- 

to 

X 

UJ 

u. 

Nj 

t* 

M 

o 

_J 

<t 

c t 

H 

M 

UJ 

K- 

X 

M 

K*  CVJ 

Z 

*  o 

H 

CD  U\ 

o 

►  •* 

1 

o 

-J  to 

tfV 

*  o 

CM 

* 

X  ID 

o 

•rl 

*  * 

N 

•  II  • 

Cl  f*' 

C  H  o 

o  o 

X 

It  II 

rtlfi 

o 

O  H  <— 

o 

O'  Ci  M 

O  Z 

o 

<  N  *-< 

d  W 

Of 

X  O 

Ul  u. 

X 

x  o  a 

Of  M 

h 

(0  c .  «s 

CVJ 

CVJ 

► « 

O  O  O  O 

» w 

OOOIf 

UJ 

-ri  in 

c n  •«.  < 

♦.  •  i 

rt  O  O. 
II  *>< 


Ul 

to 

d 

Ul 

CD 

•* 

X 

rv 

X 

CL 

M 

o 

t» 

CL 

Of 

C  X 

* 

u. 

UJ  CL 

• 

0'  •> 

CVJ 

X 

u.  a  ci 

to 

b* 

O  M  <X 

O  w 

o 

»XK 

«  X 

ro  a  ui 

•  K  J 

UJ 

z>  •>  X 

CVJ  X  #■ 

_J 

rs 

M  O  K- 

x  a.  < 

O  X 

a  <t  *• 

W  W  Cj 

• 

o 

O  W 

<t  K-  Z 

a  t  m 

O 

CO 

a 

Cl  U- 

O'  Ul  •* 

+  XX 

-3 

X 

<i 

■H  «• 

•>  X  *4 

z  a  i  <r 

O 

H 

•>  I 

J  h  HI 

X  <t  •  _J 

a 

to 

^  + 

•%  ii  •» 

CU  ft!  CVJ  * 

S 

< 

UJ  . 

II  O 

ct  ro  co 

*  *  X  z  to 

<y 

1— 

H  Of 

O  CO  <-i 

HOH  II 

Z> 

* 

•  <t 

0O  CO  CO 

a  h  x  to  m 

•  • 

-J 

O  Ol- 

*  c.  II  x  II 

rl  rl  rl  O  Q.  rl 
III  II  w  H  ||  H 
MO.III 
W  r  2  Q-  Q.  0 


30NO 

m  «a  v  •-> 
ntuxN 

*i  ii  ii  ii 
Of.  X  X  O' 


II  tH  II 
O  rlU 

0  Q' 
<  O  <. 
H  C  K- 


+  X  X  O 
XM  M  X 

n  or  a:  o 

X  0..  CL  0. 


o  o  o 
o  o  o 


CVJ 

O  o  u  o 

NOUO 

ooo 

ouo 


o  o  c 
ooo 
O'  o  o 
ooo 


71 


72 


S7vSiM{THeTA*/9A0) 

C7=COS<TH£TAO/3AD> 


GE/EE/?2r15 


A 

_  «  1 


1 

W 

I  •  • 

1* 

•  ' 

y>i 

* 

*x 

a 

rl 

m 

IM 

•t 

1 

Lf 

eo  • 

o 

3 

* 

(/> 

a 

* 

<2 

w 

X 

u 

+ 

o 

CK 

cvi  **. 

*  M 

ID 

*  00 

c 

«  M 

r 

3 

fo  O 

o 

V) 

V)  V 

a 

*  «— 

U- 

X 

X  ~ 

o 

•  t< 

i/i 

•a 

U\  n 

z 

Ul 

00  1 

o 

*  J- 

M 

X 

■J  o 

o 

M  to  >1 

3 

d: 

■ 

r-  »  a 

on 

u. 

WK« 

M 

*  — •  » 

a 

o 

to  +  M 

»-,* 

-i 

l/l  CM  O 

Z 

Ul 

*  »  f- 

o 

M 

X  *  f~ 

o 

u. 

+  ^  X 

N  10  1 

o 

co 

01  O  to 

J 

Ul 

*  *  o 

Ul 

H 

Vi  X  * 

M  < 

d 

3  1  J  rl 

ti. 

— J 

m  in  to  r*> 

«•> 

3  Z 

ctl*  w 

1  o 

to  X 

O  V 

^  ^ 

a<i  t  or  » 

-«t  <t 

_J  f* 

m  m  m  m  nr  j-  ^  to 

aro 

3  X 

<1  rl 

XXX 

I  1  tot  o 

\\ 

Vi  TZr^s  «  rl  rl 

a  i 

a  a  a 

Cl.  M  *  M  CM 

«  ^  d  < 

•  *  «t  <X  <t  < 

Z  H 

l  i  i 

»  o  a  oi  * 

O  O  M  H 

•  • 

cj  a.  -h  x  x;  h  h 

X  •>  *■' 

<■*#■»  -H  M  O  O  *  w 

H  H  Ul  U) 

O  <VJ  V  O  II  a  0;  Ul  Ul 

O  •H  «• 

M  M  M  M  M 

Hrl«"l" 

X  X  X  X 

*  V  M  O  E  Ji'XT 

O  It  M 

X  X  X  X  X 

X  IM  M  to  CVI 

J.(Lhh(/l 

•  H 

CL  X  <2  H  H  -» 

H0.AAQ.aa 

a  —  a  c  ~ 

w  w  v  ^ 

D 

CJ  CL 

it  «  «  w  «  r 

* 

w  w  w  w  w 

->+  o  o  < 

t:  v  (/> 

M 

—  II 

h  o  o  z  to  z  to  t: 

cj  o  • 

z  on  x  i/i  x 

Vi  X  to  d  t- 

j-l  O  O  M^Q 

■  II  cf  d  lf>  Ui  M  O  M  O  w 

O  O  C\) 

MO  MOM 

o  i  if  ii  ui 

LO  L3  U  01  « 

O  .  X 

M  t\l  WJ  U  VI  u  u. 

C\i  Cvi  ii 

if*  u  v  W  V# 

O  11  M  Ci  Cl 

ti  II  II  II 

a 

ii  x  a. 

IU  II  II  II  II  z 

M 

II  II  II  II  II 

II  M(/)M  — 

U>  lf\  J  J* 

it 

sH  -J 

X  o  o  ri  T-l  rvj  (VI  II 

O  OX 

ro  IO  U)  U3  10 

iT  1/1  H  III  U. 

inuoifl 

X 

7 

A 

A 

H  O  DlflOWOE 

o  ox 

S 

c 

s 

c 

s 

c 

p 

a 

•3 

i 

U  O  O 

o  o  o 

o  o  o 

O  (J  o 

o  o  o 

o  o  o 

o  o  o 

o  o  o 

} 

l 


WJBMHi if  <3bfc»w«ns 


GE/EE/72-15 


( 


(' 


:  r 

3 

•  21 
% 

* 

•  o 

.•-CO 

H 

2 

M 

a 

CL 


t 


GO  TO  202 
503  STOP 
END 


PROGRAM  OPTIMUM ( IKPUT  »  CUT PUT! 

COMPLEX  A, VyZf RANGE, PHASE 
REAL  LAM80A,K,L 

DIMENSION  AC2),AMAG(2)  ,NP(5DP)  jARC'C5D05 

F  (X)=SQRT  (  (RAOIUS**2.-X**2  *  +  E*X*  *2  •  )  /  <F  ADIUS**2  •  -X**2  •>  > 


G  E/EE/72- 15 


i 

;  .  i 


s 


X 

, 

< 

tr. 

o 

. 

o 

& 

a. 

z 

H 

o 

* 

>* 

Ui 

• 

V. 

#•» 

o 

oc 

3 

• 

ii 

QC 

CO 

M 

r«* 

•a 

111  • 

o  * 

«/>  ' 

M 

(tl 

UJ  » 

CL 

a 

u. 

a  • 

v> 

II 

o 

b 

U.O 

u 

O 

• 

►— 

N  H 

3 

*1 

CVJ 

>* 

>  *' 

co 

H 

o; 

to  ra 

K>  o 

< 

UJ 

V 

H 

H  II 

* 

H4  JO 

M 

X 

•  «t 

UJ 

z  it,  cr>  o  u.  *  *- 

QC 

H  O 

cvj  a 

X 

<t  M  #• 

% 

*  •  V 

<3 

II  o 

S.  a-  to 

o 

H  II 

* 

'ri 

•  a  O 

> 

*s  in 

CVJ 

H  X  3 

UJ 

(/I 

• 

vy 

CVJ  H  U* 

H  ► 

*>  • 

(L  Cl  H 

o 

Z  HO 

z 

*  a 

UJ 

UJ  rH 

H  o  • 

li  _j  a 

O  II 

rl  <  S  8  U. 

M 

X  II  • 

II  *o 

3  *  < 

UI 

o  ro  * 

H 

•  ro  *  • 

H 

H  HO 

H  •  It 

H  Z  O'. 

H 

H 

9 

<t  Ci  II  H  H 

_J 

II  II 

a  Or-. 

z 

X  II  * 

<  CVI 

LU  II 

OJ  * 

<£  «  0.  H  II  1 

<U 

O  o  ~ 

II  O  v  H 

II 

CL  00  • 

3  * 

Z  N 

II 

*fO  D  »  •  O 

H 

KOOH 

r>  H  II  ~ 

** 

II  3  O 

3  * 

H  HO 

J- 

II  CD  »  H  H 

H 

<1  W  rl  v 

HrlnUH 

O  H  O 

O  tI 

U  II 

lu 

II 

o  r  (vi  ii  h 

H 

X  H  O 

—  -h  <r  ii 

HON 

3  Uj 

UI  H 

ac 

H  <  <  II  H  C 

3  II  O  CL 

0  O  -  JL.  H 

a 

x  «a  ii 

«  II 

O  H  Ll 

Q.  Ctf  3  if  UJ  CC 

M 

</>  2  O  <t 

z  a  «a  «r  x 

z 

cl  a  oc 

O  UI 

CT 

o  o 

o  o  c 

O  O  O  O' 

O  rl 

O  O  O 

o  o  o 

o  o  o 

H 

rl  H 

o  o  u 

a  o  a 

o  a  o 

o  u  o 

o  o  o 

o  u  o 

u  o  u 

« 


76 


GE/EE/72-15 


CL 

d 

o. 

CU 

>— 

* 

• 

o 

CVJ 

•  f— 

* 

• 

* 

*** 

>- 

UJ 

< 

UJ 

oc 

• 

•s. 

o: 

•3- 

0H 

<t 

* 

co  cvj 

o  «• 

U. 

Ul 

cvj  » 

o 

1 

-  X 

• 

i 

(  1  , 

N.  | 

U1 

M 

• 

CJ  Cvj 

CO 

>w* 

u> 

cvj  » 

«t 

* 

o 

*■  If 

CO 

• 

cvj  ■ 

N-  tO 

CJ 

•* 

0  3^, 

r 

>f 

U1 

CVJ  M  d 

c 

if 

o 

~  Cl  X 

or 

CT 

CM 

•  da 

u. 

O 

t\ 

CVJ  Of  2 

CO 

d 

V  -  d 

T. 

2 

o 

>- 

^  <s  W 

f~ 

d 

CVJ 

r.oi-w 

O 

_l 

to 

u. 

2  CO  Of  o 

Z 

o  « 

If 

X  o  u 

UJ 

f— 

NrlM 

X 

O  d  to  if 

>1 

O' 

»  1  1 

+ 

O'  _)  •»  ^ 

o  X 

o 

«  3!  rs 

o 

d  |  X  • 

• 

a 

a 

CO 

r  ©r  ti 

r»  o  r 

+  O  1  CVJ 

C3 

O' 

o  U. 

1 

•  2  «\J  *•»  1 

2  »  M2 

O  Of  ~  \ 

O 

H  if 

V I 

CVJ  ^  »>  CL  X 

2  o  *>  — ' 

a  d  cvj  d 

o 

*>X 

o 

ML  J  Z  £ 

O  MO 

d  2  2  O 

H 

in 

■H  + 

JH 

X  z;o  1  «- 

a  x  m  ii  cr 

2  2  d  CJ 

\ 

UJ 

II  O 

o 

co  »f  *  7cvj  ^  a 

Z  *S  .S.  M  d 

2  tO  f-  X 

C/> 

f- 

H  Of 

d 

2  X  CVJ  ~  2  z 

+  #%  a*  •  M  1 1 

CO  !  d  d 

2 

d 

•  d 

O' 

M  'll  II  H  2  II 

2  2  X  CVJ  ~ 

II  O  1  2 

M  • 

_J 

O  rl  1^ 

If 

O  ^  r»  I  w  /s 

2  2  I  V  v£)  2. 

o  o:  II  — 

Q  CVJ 

II  O  M 

X  z 

• 

d  2  2  2  CL  2 

Zi'NIotl 

Of  d  d  1 

*x  s 

o 

O  CVJ  O 

+ 

II 

PJ  OJ 

O'  X  2  2  2  2 

ii  a  x  +  cvj  -r  + 

d  f-  X  X 

or  x 

•J 

Of  Of 

X 

2 

ii 

1)  W  W»  O  **» 

2  Z  *>'  X  Oi>-  2  a  il 

ii  ii 

< 

d  O  d 

II 

2 

2 

II  ~ 

cvj  a  cl  u.  u.  a 

2  ii  ii  it  e  x  ii 

ClL  J<H 

X  X 

o 

f-  O  f-  X  Z 

2XUJXZ2MMZ 

ZXX>-Od>-(OMdX 

O' 

O  IU 

+  2.  x 

iohii 
x  »-  j-  x 
II  2  < 
2  0  0  2 
riser 


O 

•H 

CVJ 

CP 

Wio  4- 

US 

CO 

s. 

ooo  Ui 

o 

o 

o 

ooo 

a 

o 

o 

O  O  O  CVJ 

ooo' 

CVJ 

CVJ 

CVJ 

CVJ  CVJ  CVJ 

OJ 

CVJ 

CVJ 

OOO 


O 


GE/EE/72-15 


i 


i 

>- 

d 

cc. 

O'. 

i  «  ,d 
CO 
3 

;  00  >* 

X  i* 

O  OC 

d  «r 

lu 


to 

X  3 

O  Ol 

r\‘ 


01 

, 

a 

UJ 

u. 

X 

Ui 

o 

tx 

i  % 

d 

o 

2 

UI 

UJ 

O' 

o 

H 

X 

H 

» 

O 

a 

3 

OC 

O' 

CD 

U- 

*> 

M 

o 

O' 

o 

H 

.J 

II 

Z 

UI 

O 

f 

H 

< 

* 

o 

u. 

H 

m 

• 

„ 

a 

to 

X 

CM 

-j 

UJ 

H 

s 

ui 

/ 

H 

•  H 

H 

d 

H 

rr>  CL 

U. 

-J 

d 

II  II 

3 

z 

d  d  ** 

on 

X 

O 

V 

^  ^  rfS 

o 

1 —  1 —  <c  < 

-X 

< 

_l 

•'M 

M  H  H 

— J 

UI  UI  H  h 

3 

X  r» 

d 

X 

XXX 

UJ 

X  X  t!  J  U’ 

CO 

X  —  H  H 

o 

1 

a 

a  a  a 

M 

Whhll 

• 

•«<  d  d  d 

Z  M 

i 

til* 

U. 

»  HH 

•  •  CM 

a 

H  X  X  f-  H 

a 

•>  V* 

O*  ■***  M 

HUO 

*4  s 

ON\ 

o 

ii  a  a  ui  uj 

o 

•H  •> 

M  H  H 

M  H  H 

UJ 

ii  h  cm  z  on 

•.  N  H 

o 

X  _J  >J  X  X 

o 

ll/'H 

XXX 

XXX' 

h* 

X  •  •HOC/? 

•  na 

_j 

x  d  d  H  H 

j 

hi  a 

a  o.  a 

a  a  a 

< 

00M03 

o  a  it 

w  w  w  w 

T. 

» 

KS  W  > — < 

^  w  v 

-J 

O  UJ  Ui  II  II  w 

—  II  H 

o 

o  z  on  z  on 

X 

o 

e*  • 

z  on  z 

oi  z  on 

3 

•  •  O'-  •  •  J’  d  O 

•  II  cl  < 

ID 

ID  H  o^o 

w 

d 

d  CM 

M  O  H 

O  M  o 

O 

HONI  I(/U)< 

C3  *■>  I  H 

CM 

cm  to  o  to  o 

a 

CM 

CM  II 

o-  o  to  o  on  o 

—1 

II  II  ~  —  II  H  CL 

ii  x  a  ui 

ii  ti  ,ii  ii 

z 

H 

m  n  n 

ii  ii  ii  > 

<t 

lf\  IT-  O  Ul  U.  N-  N  II 

rl  w  J  I 

O 

a  H  H  CM  CM 

ii 

O 

O  I  M  M  UJ 

u  -  «.  cc  ■ 

o 

|/IOnHHWOXN<<tl- 

O' 

oiooinoz 

O 

o  a  oi  o  oi  o  c/)  o  • 

o  o  o 

• 

o  o  o 

COO 

* 

o  a  o 

o  o  o 

o  o  o 

o  o  o 

uuo 

o  o  o 

o  o  o 

a  o  o 

o  o  o 

* 

i 

j 

c 


78 


GE/EE/72-15 


{* 


a 

O' 

ri 


(\1 

If 

* 


M 

I 

4 

O 

* 

az 


N  <«% 
*  H 
if  .CO 
«  M 
O 
V 


fO 

10 

* 

X  « 

I  Ti 
IM  CM 
CO  I 

*  4 
4-  O 

~  to  * 
N  if  az 

CO  uz  w 
*  **  * 
CO  +  tH 
WNO 
if  If  + 
X  if  o'. 
+  ~  X 
N  to  I 
(/)  U  (O 
if  *  o 
X  if 
I  4 
in  to 
a  * 
if  az 

4  *-* 

to  * 

*  «H 

oaw 

If  ^  ^ 


(/) 

M 

a 

d 

a 

t 

N 


• 

cvi 

«»* 

d 

I— 

iu 

cn 

nl 

Z 

M 

in 

* 

M" 

a. 

* 

id 


UJ 

X 


l\J 

If 


o 

o 

o 

z 

*1 

H 

UJ- 

a. 

ui 

f- 

C0‘ 


a. 

o 


n  h  to 

vKO 

if  a  o 
v:  to « 
»  it  ii 
n  t-  «t 
M  (0  M 
(O  M  U. 

a.  o  ffi 


U 

■  if 

z 

W/ 

c 

X 

X 

U. 

1 

.  u. 

f- 

CM 

M 

• 

-1 

If 

)  CM 

Ul 

<■*  >f 

a 

X 

If 

•jJ  CO 

H 

\ 

-Ul 

'if  D 

UJ 

< 

CO 

M 

cm 

H 

d 

•  CD 

Ul 

to 

Ul 

X 

CM  d 

O 

OJ 

CM 

09 

u. 

*  QC 

UJ 

* 

w 

* 

if  — 

o 

CM 

Z 

X  - 

Z> 

ro 

CO 

M 

UJ 

1  f- 

-J 

•s 

M 

H  CM 

to 

is 

•  02 

<t 

CM 

to  * 

* 

z 

CM  O 

> 

^■n 

O 

CD 

c? 

CM  4 

H 

d 

If  C/)rl« 

M  to 

in 

<r 

X 

•>  ro 

a 

as 

*  r 

x 

w 

*. 

o 

X 

■ci 

r 

fo  OJ 

*  t- 

CO  X  •>  *»■ 

X 

CD 

rH 

to 

ei 

to 

<5 

to  #■» 

lD  CO 

a 

X  1  X  d 

X 

< 

o 

•* 

x, 

•t 

s 

CM  • 

•  MM 

X 

fJ  w  w.  ii* 

M, 

2. 

to 

4 

ID 

•>  CM 

rlQM 

N  Ul  iC  Q  CM  CM  CO 

f- 

d 

O 

CM 

O 

C\J 

M  X 

v*  a 

o  X  d  Z  H  Ul 

U. 

X 

r 

f») 

w 

to 

w 

CO  M 

Z  ^  if 

a  + 

*•*  .&:  d  d  d 

o 

L** 

<t 

<•* 

o 

•-  H 

o 

Na  • 

• 

MM  •  *■* 

x  x«-» 

rl  “  f-  1-  O 

CM 

i 

4- 

T-l  d  O 

ID  O 

<x 

<•>  |  o 

vH 

rl  .rl  C/I  Ti  • 

*  uj  r 

+  »*  d  d  II  UJ 

or 

w 

o 

O 

•  X  O' 

a  • 

X. 

<r  d  ii 

cvj 

II 

CM  II  1  t-I  X  O  V 

x  t-  i  n  n 

o 

CD 

M 

to 

O  «a  M 

ro  o 

<r 

f-  f-  o 

o 

O  •«  •>  II  II  < 

X<02  II  rlEZ 

U. 

d 

f- 

+  .11 

^  1 

II 

UJ  IU  d 

O  d 

O  d  •  •  UHUJ  II 

*»•  O  *x,  d  M 

X  d 

M 

•H  o  O 

4  <rl 

o 

cd  cn  u. 

f- 

U-I-U-OOCDIO^ 

CL  10  X  H  CD  M 

h 

«1 

OZ 

•HM 

U.  M  f- 

M  UJ 

H  M 

V  w  u 

l- 

U.  W  w 

z  d  X 

Z  II-  0-  UJ  d  Z 

to 

II 

II 

II  f- 

~  II 

II  h- 

UlL  JO 

J  O  J  II  II 

«i  i  w 

II  <rl  .J  X  X  O 

UJ 

X 

U. 

W  1  rl  <  O 

U.  M  CO  < 

H  M  III 

UIUJUUJSNQ'a<{ 

XN<!-<tO 

M 

d 

M  MM 

Ul  QJ  CD 

m  ui  m  az 

ri  CM 

to 

4-  H 

o 

o  o 

•rt' 

4 

in  io 

to  to 

■to 

tO  Ti 

4 

in  o'  o  a  to 

o 

o  a 

CM  CM 

CM 

CM  CM 

CM 

CM  CMUOO 

fO 

CO 

to  to 

uou 

u  a  o 


i 


79 


GO  TO  190 
307  E1=E1+  Q«  001 


VJ&/CC///-IO 


U.  <t  2 

►  h 

*•  O  UJ 

H  _l 

I  C 

I  *  Or 

S  M 

>-  »  O 

«r  to 

0C  Ql’  *. 

O'  lu  ► 

<  h- 

at  v 

u.  r  « 

.  o  » 

*  *s= 

J-  *.  nt 

X  J-  <fe 

(J)  •  «; 

M  VO  * 

tU  U. 

X  •>  >- 

*  «I 

*  a 

n  i  nr 


IA  >•  2 

U.  «  M 

*  cx.  \o 

V  Of  M  t/1 

!  «t  •»  h- 

I  *  2 

*  I  U.  u- 

o  i  r 

I  vH  |  UJ  <-> 

ar  ui  uj  j* 

•  ro  10  s-  iu  to 

•  i  2  U.  <i  <r  J- 

»>  o  m  k  u.  z 
f  in  a:  uuj 

3  uj  u.  <  r 

w  ro  o  or  u 


>*-  ! 

r— *  — >  w 

O  _l  z 

u.  *-*• 

UJ  _) 

• 

«c  1 

cr>  uj 

*■% 

«  ; 

0?  >  Z3 

2 

•H 

■H 

■H 

a 

•>  H  W 

ro  u 

w 

r-  Z  a  i~ 

2  o 

IA 

O 

u> 

, 

to 

O 

i 

X  3  cr  z 

M 

<t 

O' 

•3 

tH 

ro 

d 

'  •*•'*  ! 

OIKUJ 

cr  a 

^L  •» 

2 

o 

2 

2 

r 

o  | 

CO  W  M  2 

•a  U* 

M  X 

c£ 

to 

1 

fO 

ro 

< 

i 

3UJh*  UJ 

=a  c  / 

x  *-  cr 

S 

•> 

S. 

* 

N 

N. 

>-  ; 

Hia  \  j 

=a  2 

d  u  •> 

•** 

a 

#«s 

CM 

oc 

a  •*  o  *  uj 

%  ro 

?:  z  cr. 

CM 

o 

CM 

r4 

CM 

▼H 

CM 

h- 

d  rl  H  (/) 

>»•  2  X  *>  M 

w 

ro 

w 

ro 

w 

rO 

■rt  ** 

U)  1 

uc  uj  *»  a  u. 

*  * 

•>  H* 

o 

*> 

o 

H 

O 

cj  O 

2  < 

*  U.’  o 

•* 

rl  ► 

<=r 

CO  CO  rJ 

d 

o 

O  O 

<  ci  CM 

o  <t  o 

O  1 

MOXI- 

IftXX 

II  <H  X 

stack  o  • 

2 

cn 

H  ® 

2- 

cr  h 

•  2  cr  ui 

Ul  I 

UJ  O  rl  UJ  IX 

O 

■H  J- 

iHCH 

<1 

-h  ro  o 

d 

HM  O 

«r  tI  ro 

0<  rl  D 

o 

II  N.  «  2  UJ  TO 

w  •> 

N- 

It 

4* 

II 

^  1 

n 

•f  II  Z 

1 

J-  j—  ca 

1-  * 

o  J- 

OONHOOttrl 

o  o  in 

*•1  O  O  M 

h- 

X  (-<!»  2  J—  <t  Cf. 

OI-< 

MKMLuHJ-WUJ 

HhHiHUJHf-h 

Z 

15  Z  2  *  Z>  Z  2:  UJ 

cr  z  2 

b- 

*-  it 

H 

«-  ii 

11  H 

II 

II  >-  z 

M 

H  H  Cl  J  iu 

Mam 

m  a 

<Oll .H« 

OllrlrmOU. 

■Trl<00 

0. 

1  Uj  q:  o  • 

a  o  z  o  a  o 

KliHWatiHllJHKlOHHUtCUO 

0.  1 

i  x  a  u.  co  _j  a 

u.  z>  o  n  a 

. 

1  o  o 

o 

CM  00 

cr  o 

CM 

ro 

i  ^ 

U\ 

O  H 

o  o 

a  h 

•H  H 

rIOOO 

1  O 

O 

C3  3) 

ro  to 

to  w 

ro 

ro 

ro  o  o  o 

ec 

o'  r*. 

o  o  o 
ooo 


80 


?^-~»5Ssw*w 


GE/EE/72-15 


Appendix  C 
Geometry  of  Array 


Circle  Number  Numberof  Elements. 
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100 
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88 
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86 
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84 

24 

82 

25 

80 

81 
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Circle  Number 


Number  of  Elements 


Height  of  Array  —  7.6  meters 

Radius  of  Base  of  Array  ---  3.06  meters 

Total  Number  of  Elements  in  Array  —  3796 
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